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HISTOPATHOLOGY OF THE TRABECULAR MESHWORK 
IN GLAUCOMA* 


J. Rermer Wo M.D. 


Ann Arbor, Michigan 


The histopathology of the trabecular mesh- 
work is an important part of glaucoma re- 
search since the cause of most glaucomas is 


suspected in or around this corneoscleral fil- 
tration meshwork.’ This paper is a further 
contribution to the work that has already 
been done in this field by many others. The 


studies of the earlier authors have outlined 
the typical changes of the trabeculae in the 
late stages of most of the 
(Sugar*). However, there are still contro- 


glaucomas 


versies on many of the observed details of 
trabecular pathology and the pathology of 
the early phases especially of the primary 
glaucomas is virtually unknown. 

The present paper is a collection of typi- 
cal histologic findings which were made in 
the trabeculae of many different cases and 
types of glaucoma with the silver carbonate 
methods of del Rio Hortega and tangential 
sectioning of the trabeculae. These special 
techniques were used in addition to routine 
sections and staining technique. Many of the 
observed changes are just a confirmation of 
the findings of earlier authors. Others fall in 
the group of changes which are still contro- 
versial in their true existence and signifi- 
cance and some of the observed changes are 
new. 


MATERIAL AND METHOD 


The human eyes used for this study had 
all been removed surgically and were fixed 
in formalin or ammonium bromide formalin 
immediately after enucleation. The clinical 
history and diagnosis was known in all cases. 
One half of each eye was imbedded in par- 
affin and sections from these halves were 
stained with hematoxylin-eosin. Tangential 
sections through the area of the filtration 


*From the Department of Ophthalmic Surgery 
and the Laboratory of Neuropathology of the Uni- 
versity of Michigan Medical Center. 


angle were made on the freezing microtome 
from the anterior portion of the other halves 
of all eyes. These were stained with the un- 
reduced and the threefold methods of the 
silver carbonate techniques of del Rio Hor- 
tega.* 

All illustrations of this paper are unre- 
touched photomicrographs. 


REPORT AND DISCUSSION OF 
HISTOLOGIC FINDINGS 

1. NORMAL TRABECULAE 

The main difficulty in recognizing early 
pathology of the trabeculae in glaucoma is 
that the normal trabeculae of the adult may 
already show changes that are easily mis- 
taken for the pathology of the glaucoma. 
Therefore it is necessary for anyone who 
wants to study the pathology of the trabecu- 
lae first to examine normal eyes of all ages 
to get acquainted with the changes which 
are usually explained by aging of the normal 
eye. These changes are known to consist 
mainly of sclerosis of the trabecular beams, 
deposition of pigment in the trabeculae and 
in some cases perhaps of a peculiar granu- 
larity (foamy degeneration) of the trabecu- 
lar collagen in the deep parts of the trabec- 
ulae. The first two findings are well known 
for the papers of Rones,* Theobald and 
Kirk,® Teng, Paton and Katzin,® Flocks,*’® 
Kurus,® and others. The change of granular 
degeneration of the trabecular beams, how- 
ever, is still controversial. It has been seen 
by Teng, Paton and Katzin.* Some authors 
suspect it to be an artefact (Ashton"®). 

Another reason for confusion between 
normal findings and pathologic changes of 
the trabeculae seems to be the fact that eyes 
with intraocular tumors—mostly malignant 
melanomas of the choroid—have been used 
by many as “normal” eyes as far as the tra- 
beculae are concerned. And the trabeculae 
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of these eyes has been compared with that of 
glaucomatous eyes. It is now agreed, how- 
ever, that the trabeculae of most eyes with 
malignant melanomas show definite pathol- 
ogy.*®° This goes along with the clinical 
observation of Becker” that eyes with malig- 
nant melanomas have flat tonographic trac- 
ings in much higher instances than normal 
eyes. 

Figure 1 shows a part of the deep uveal 
meshwork of the trabeculae of the normal 
eye of a two-month-old child. The collagen 
fibers of the trabeculae in this case from 
very delicate meshes with large spaces. En- 


Fig. 2 (Wolter). High-power 
view of the trabecular meshwork at 
the limit between uveal and scleral 
meshwork of the eye of a 16-month- 
old child with advanced retino- 
blastoma. The dark-stained trabecu- 
lae are of the uveal meshwork. The 
light-stained trabeculae are of the 
scleral meshwork. All trabeculae 
are swollen and the number of en- 
detholial nuclei appears increased. 
(Tangential section, Hortega stain, 
photomicrograph. ) 


Fig. 1 (Wolter). High-power 
view of uveal meshwork of normal 
eye of two-month-old child. The 
trabecular beams are surrounded by 
endothelial cells. (Tangential sec- 
tion, Hortega stain, photomicro- 
graph. ) 


dothelial cells with oval nuclei are seen lin- 
ing and in some areas bridging these spaces. 
The scleral part of the trabeculae in this 
child showed much the same structure with 
only slightly coarser trabecular beams while 
the innermost trabeculae of the uveal portion 
(pectinate ligament) were even more deli- 


cate than the ones in Figure 1 ( Wolter’). 
Figure 2 represents a view of a tangential 
section through the limit between uveal and 
scleral poriions of the trabeculae of the eye 
of a child 16 months of age. However, this 
eye contained a large retinoblastoma. The 
trabecular beams in this eye were somewhat 


? 
g\ 
Bee 4 
ea. 

—— 


HISTOPATHOLOGY OF TRABECULAE 


coarser all through the trabecular meshwork 
and there seemed to be a comparative in- 
crease and swelling of the endothelial cells. 
Many of these cells contained pigment gran- 
ules. 

Figure 3 shows a low power view of the 
filtration angle of the eye of a 40-year-old 
woman that small, flat 
choroidal melanoma of spindle A cell type. 
after all that I know now—be 
considered as a normal angle of an adult. 
The (a) Schlemm’s canal (b) 
and the adjacent membrane of Descemet (c) 


contained a very 


This can- 
trabeculae 


with many Hassall-Henle bodies can be well 
recognized. The plane of this section very 
well shows that the trabeculae are actually 
not round fibrillar beams but rather broad 
sheaths of collagen tissue with many perfo- 
rations in them. Such sheaths are arranged 
in overlapping layers and the large openings 
in the area of the uveal part of the trabecu- 
lar funnel down to small passageways in the 


Fig. 3 (Wolter). Low-power view of the whole 
filtration angle of a 40-year-old woman with a small 
choroidal melanoma: (a) the trabeculae, (b) 
Schlemm’s canal, (c) Descemet’s membrane with 
Hassall-Henle bodies on it. (Tangential section, 
Hortega stain, photomicrograph. ) 
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Fig. 4 (Wolter). Higher-power view of the same 
trabeculae which are seen in Figure 3. This is an 
example of the normal trabeculae of an adult. 


(Tangential section, Hortega stain, photomicro- 


graph. ) 


medial wall of Schlemm’s canal.’* The de- 
crease of the size of the perforations in the 
trabecular sheaths as we move towards the 
canal of Schlemm becomes very obvious if 
we look at the same trabeculae with higher 
power (fig. 4). The highest power shows 
that a peculiar shrinkage has occurred in 
many trabeculae of the uveal portion (fig. 
5). This indicates two things: (1) that the 
trabeculae must normally be under a certain 
tension and (2) that the uveal trabeculae 
are elastic. I believe that this irregular 
shrinkage is caused by release of the tension 
that is normally exerted on the trabeculae 


by the action of the ciliary muscle. It is said 
in the textbooks that the uveal meshwork 
lacks the inner elastic layer which is found 
in the scleral meshwork. However, the con- 
cept that the trabeculae may be opened and 


closed by motion of the scleral spur caused 
by action of ciliary muscle fibers can only be 
accepted if it is agreed that all trabecular 
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Fig. 5 (Wolter). High-power view of the inner 
fibers of the uveal trabecular network seen in Fig- 
ure 3 and 4 shows shrinkage (arrow) of trabecular 
beams. (Tangential section, Hortega stain, photo- 
micrograph. ) 


beams are elastic (Rohen,’* Garron,’® Ash- 
ton’®). The highest power applied to the area 
of the scleral meshwork (fig. 6) shows the 
regular arrangement of the collagen fibrils 
in the sheaths of the trabeculae as | consider 
it normal in an adult. It must be added that 
a normal number of endothelial cells was seen 
in this trabecular meshwork, However, the 
stain used in the photographed section did not 
show them. 

Figures 7 and 8 are taken from a tangen- 
tial section of the trabeculae of the eye of a 
31-year-old man with a large spindle-A cell 
melanoma of the choroid. Both pictures show 
the trabecular beams to be thickened and 
the perforations to be decreased in size. 
Figure 8 shows that there is not only thick- 
ening of the trabeculae but also a peculiar 
granularity of the collagen of the trabecular 
beams. It may be emphasized that this eye 
was fixed by injection into the globe im- 
mediately after surgical removal. I have no 


doubt that this peculiar granularity of the 
trabecular collagen represents the same 
change that was described by Teng, Paton 
and Katzin® and by Flocks”* under the term 
of foamy appearance of the trabeculae. 

Figures 9 and 10 show areas of a tan- 
gential section of the trabeculae of the com- 
pletely normal eyes of a 78-year-old man 
which was removed because of a basal cell 
carcinoma in the orbit. Thickening and scle- 
rosis of the trabecular beams but no granu- 
larity of the collagen were seen in the uveal 
(fig. 9) and in the scleral (fig. 10) mesh- 
work. 

Many of the eyes with and without glau- 
coma of adult and old people allowed for a 
very interesting observation. Dense hyaline 
bodies (Hassall-Henle bodies) were found 
on Descemet’s membrane adjacent to the 
trabeculae (fig. 11, also fig. 3). This was 


interesting since it seemed that the size and 
density of these hyaline bodies was much 


Fig. 6 (Wolter). Structure of the deep scleral 
meshwork at high power from the same trabecular 
network as seen in Figure 3. The bundles of collagen 
in the trabecular beams are well visible. (Tan- 
gential section, Hortega stain, photomicrograph. ) 
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Fig. 7 (Wolter). Advanced sclerosis and some 
granularity of the trabecular beams of a 31-year-old 
man with a large choroidal melanoma. (Tangential 
section, Hortega stain, photomicrograph. ) 


greater in those eyes that showed advanced 
thickening (sclerosis) of the trabeculae than 
in eyes without such sclerosis. Figure 12 
demonstrates that the hyaline warts on the 
peripheral membrane of Descemet in the eye 
of a 72-year-old woman were actually seen 
at the very limit of the trabecular endothelium 
to the corneal endothelium. There is not much 
doubt that the hyaline warts of the peripheral 
cornea are formed by the corneal endothe- 
lium. The fact that sclerosis of the trabeculae 
and extensive Hassall-Henle bodies seem to 
occur together might suggest that trabecular 
scleros:s may also be a product of deposition 
from the related trabecular endothelium. 

The above cases were demonstrated to 
show that: 

1. The collagen beams of the trabeculae of 


Fig. 9 (Wolter). View of a section through the 
uveal meshwork of the normal eye of a 78-year-old 
man. Some sclerosis can be seen. (Tangential sec- 
tion, Hortega stain, photomicrograph. ) 


Fig. 8 (Wolter). Extensive granularity of the 
collagen of the scleral trabeculae close to Schlemm’s 
canal in the case of the advanced choroidal mela- 
noma in the eye of a 3l-year-old man. (Tangential 
section, Hortega stain, photomicrograph.) 
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Fig. 10 (Wolter). View of the scleral meshwork 
of the normal eye of a 78-year-old man. Extensive 
sclerosis but no granularity of the collagen are 
seen. (Tangential section, photomicrograph, Hor- 
tega stain.) 


a small child are very delicate and that thick- 
ening (sclerosis) of the trabeculae occurs 
through life. 

2. A special type of granularity (foamy 
degeneration) of the collagen of the trabecu- 


Fig. 11. (Wolter). Densely ac- 
cumulated Hassall-Henle bodies on 
the posterior surface of the periph- 
eral cornea in the normal eye of a 
78-year-old man. The hyaline bodies 
(arrows) are surrounded by the 
compressed cells of the peripheral 
corneal endothelium. (Tangential 
section, Hortega stain, photomicro- 
graph. ) 


lar beams is often seen in the trabeculae of 
pathologic eyes. However, it does not seem 
to occur in the trabeculae of well-fixed nor- 
mal eyes—even not in advanced age. 

3. That the trabeculae of eyes with ad- 
vanced often 
exhibits trabecular pathology and cannot be 


melanoma of retinoblastoma 
considered normal. This pathology seems to 
be composed of early and extensive trabecu- 
lar sclerosis, extensive pigment deposition, 
endothelial swelling and proliferation and 
granularity of the trabecular collagen. 

4. The development of hyaline warts on 
the the periphery of Descemet’s membrane 
seems to go parallel to the sclerosis of the 
trabeculae. Both changes may be caused by 
deposition of hyaline substance by the endo- 
thelium. 

The trabecular changes in the following 
case are interesting because of the rarity of 
the disease. A case of primary amyloidosis 
was examined and showed histologically ex- 
tensive deposition of amyloid in the vitreous 
and in the wall of intraocular blood vessels. 
The collagen structure of the trabeculae of 
both eyes was normal. A view of the deep 
trabeculae at high power is seen in Figure 13. 
The endothelium, however, showed exten- 
sive swelling and hylanization. It must be 
emphasized that these hyalinized cells in the 
trabecular spaces reacted histologically as 
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Fig. 12 (Wolter). Corneal mar- 
gin of the trabecular meshwork of 
the eye of a 72-year-old woman 
with absolute glaucoma. Part of the 
trabecular meshwork is seen in the 
left side of the picture. Hassall- 
Henle bodies (arrow) are found on 
the cornea right next and virtually 
within the trabecular meshwork. 
(Tangential section, Hortega stain, 
photomicrograph. ) 


hyalin and gave negative staining reactions 


for amyloid. 


2. PATHOLOGY OF OPEN-ANGLE GLAUCOMA 


Five eyes with open-angle (chronic sim- 


Fig. 13 (Wolter). View of the trabecular mesh- 
work of the eye of a patient with primary amyloido- 
sis. The trabeculae are about normal. Large hyaline 
bodies (arrow) are seen in the intertrabecular 
spaces. (Tangential section, Hortega stain, photo- 
micrograph. ) 


ple) glaucoma were studied with tangential 
sections and silver carbonate staining. Three 
of these eyes were of the absolute stage. Two 
eyes, however, were removed from a 78- 
year-old patient with well studied open-angle 
glaucoma who died of rectum carcinoma. 

Figures 14 to 22 were taken from tangen- 
tial sections of the trabeculae of the eye of 
a 42-year-old male with absolute open-angle 
glaucoma. Figure 14 shows a part of the 
inner portion of the uveal meshwork (pec- 
tinate ligament). 

The important change seen in this picture 
is that the trabecular spaces are not empty as 
they are in normal eyes and just lined by 
small endothelial cells. Here most of the 
trabecular spaces are filled by a very slightly 
stained homogeneous substance. This sub- 
the endothelial 
protoplasm since the endothelial nuclei are 
seen in the middle of it (fig. 14). Some tra- 
becular spaces seem to be completely filled 
with the protoplasm of the swollen endothe- 


stance seems to represent 


lial cells. Others still have small openings 
(b in fig. 14). 

As we look at the deeper parts of the 
trabeculae (fig. 15), we find in addition a 
tremendous increase in the number of cellu- 
lar nuclei. All the nuclei seem to belong to 
cells of the same kind and they all look like 
endothelial cells. Therefore we think that 
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this is true proliferation of the trabecular 
endothelium. The scleral portion of the tra- 
becular meshwork in this case of absolute 
open-angle glaucoma showed very extensive 
thickening of the trabeculae in addition to 
the endothelial proliferation (fig. 16). This 
deep intertrabecular spaces. 

Figure 16 shows these narrowed trabecu- 
lar spaces filled with densely arranged endo- 
thelial nuclei. There was also deposition of 
pigment in all parts of this trabeculae. 

Figure 17 shows pigment granules in the 
swollen endothelium of the uveal trabeculae. 

Figure 18 is a high-power view of one of 


Fig. 15 (Wolter). View of a sec- 
tion through the deeper parts of the 
uveal meshwork in the eye of a 
42-year-old man with open-angle 
glaucoma. There is extensive pro- 
liferation of the trabecular endo- 
thelium and some sclerosis of the 
trabecular beams. (Tangential sec- 
tion, Hortega stain, photomicro- 
graph.) 


Fig. 14 (Wolter). View of a sec- 
tion through the uveal meshwork in 
the eye of a 42-year-old man with 
absolute open-angle glaucoma. The 
endothelium is swollen (a) and fills 
most of the trabecular spaces. 
Openings (b) are seen in some 
areas. (Tangential section, Hortega 
stain, photomicrograph. ) 


the innermost trabecular beams of this case 
with endothelial cells attached to it. These 
endothelial cells appear rather normal in 
shape but they have pigment granules in 
their protoplasm. 

The deeper parts of the trabecular mesh- 
work of this eye contained pigment not only 


as diffuse granules but there were branching 
cells in the trabeculae which were densely 
filled with pigment (figs. 19 and 20). It is 
possible to stain these pigment-containing 
cells of the trabecular meshwork without 
staining the collagen of the trabeculae. These 
cells then looked just like melanocytes (chro- 
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Fig. 16 (Wolter). View of the 
scleral meshwork in the eye of a 
42-year-old man with absolute open- 
angle glaucoma. There is extensive 
sclerosis and decrease of the size of 
the perforation in the trabecular 
sheaths. These spaces are densely 
filled by endothelial cells (arrows). 
(Tangential section, Hortega meth- 
od, photomicrograph. ) 


Fig. 18 (Wolter). One of the 
innermost trabecular beams of the 
uveal meshwork of the eye of an 
42-year-old male with absolute 
open-angle glaucoma. Pigment 
granules are seen in the protoplasm 
of endothelial cells which are sur- 
rounding the trabecular beam. 
(Tangential section, Hortega stain, 
photomicrograph. ) 


Fig. 17 (Wolter). Pigment 
granules are seen in the endothelial 
cells of the uveal meshwork of an 
eye of a 42-year-old patient with 
absolute open-angle glaucoma. 


(Tangential section, Hortega meth- 
od, photomicrograph. ) 
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Fig. 20 (Wolter). Cells filled 
with pigment (arrows) in the tra- 
beculae in absolute open-angle glau- 
coma. (Tangential section, Hortega 
stain, photomicrograph. ) 


Fig. 19 (Wolter). Uveal trabecu- 
lae of the eye of a 42-year-old man 
with open-angle glaucoma with pig- 
ment containing cells (arrow). 
(Tangential section, Hortega stain, 
photomicrograph. ) 


Fig. 21 (Wolter). Trabecular 
network of the eye of a 42-year-old 
man with open-angle glaucoma. The 
trabeculae are unstained, only the 
pigment containing cells are visible. 
(Tangential section, Hortega stain, 
photomicrograph. ) 
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matophores) as known from the iris or cili- 
ary body (fig. 21). I do not know whether 
the pigmented cells of the trabeculae are 


melanocytes or cells of the trabecular endo- 


thelium which have phagocytized pigment. 
The deep parts of the corneoscleral tra- 
becular meshwork adjacent to Schlemm’s 
canal showed the most extensive prolifera- 
tion of endothelial cells (fig. 22). It can be 
demonstrated that these cells are imbedded 
in a dense meshwork of very delicate argy- 
rophilic fibers (fig. 23). This proves that 
these cells are not just loosely accumulated 
there but they must represent dense tissue 
which is fixed in this location and must block 
the current of fluid into Schlemm’s canal. 
Figure 24 shows the more blood-vessel 
like endothelium of the wall of 
Schlemm’s canal which does not 
have taken part in the proliferation of the 
trabecular endothelium. Figures 23 and 24 
were taken from tangential section of the 
of a 78-year-old 


inner 
seem to 


trabecular meshworks 


Fig. 22 (Wolter). Proliferation of endothelial 
cells at the inner wall of Schlemm’s canal in ab- 
solute open-angle glaucoma. (Tangential section, 
Hortega stain, photomicrograph. ) 


Fig. 23 (Wolter). Nuclei of cells at the inner 
trabecular wall of Schlemm’s canal of the eye of a 
78-year-old woman with open-angle glaucoma. A 
dense fiberwork of argyrophil fibrils is seen to fix 
the cells. (Tangential section, Hortega stain, photo- 
micrograph. ) 


woman who was treated for three or four 
years for open-angle glaucoma. One of her 
eyes with absolute glaucoma was available 
for this study. 

Figures 25 to 27 show the changes in the 
structure of the trabeculae in an aphakic 
eye of a 70-year-old patient that was re- 
moved because of bullous keratopathy in 
absolute open-angle glaucoma. The lower 
power view (fig. 25) shows the whole filtra- 
tion angle in a tangential section. Schlemm’s 
canal (a) is open but appears rather small. 
The trabeculae (b) are sclerotic. This sclero- 
sis of the trabecular beams is even more im- 
pressive when seen with higher power (fig. 
26). The endothelium in this case showed 
also proliferation and was filled with pig- 
ment granules but the endothelium remained 
almost unstained in the section here photo- 
graphed. In addition to the sclerosis there 
was granularity of the collagen’ seen in the 
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Fig. 24 (Wolter). The endo- 
thelium of the inner wall of 
Schlemm’s canal in the eye of a 78- 
year-old woman with absolute open- 
angle glaucoma. These cells have 
not taken part in the proliferation 
of the trabecular endothelium. 
(Tangential section, Hortega stain, 
photomicrograph. ) 


Fig. 25 (Wolter). Low-power 
view of the filtration angle of a 70- 
year-old man with absolute open- 
angle glaucoma: (a) Schlemm’s 
canal, (b) trabeculae. (Tangential 
section, Hortega stain, photomicro- 
graph.) 


Fig. 26 (Wolter). High-power 
view of the sclerotic trabeculae seen 
in Figure 25. (Tangential section, 
Hortega stain, photomicrograph. ) 


er” . 
on 


HISTOPATHOLOGY OF TRABECULAE 


Fig. 27 (Wolter). High-power 
view of the trabeculae seen in Fig- 
ure 25. This area next to Schlemm’s 
canal shows advanced granularity 
of the trabecular collagen. (Tan- 
gential section, Hortega _ stain, 
photomicrograph. ) 


deep parts of the scleral trabeculae (fig. 27). 

Both eyes with open-angle glaucoma of a 
78-year-old man who died of rectum car- 
cinoma* could be examined in this study. 
He was treated in this clinic for five years 
and never had surgery. He had still a vision 
of O.D., 6/25, and O.S., 6/12, when he died. 
This was partly explained by cataracts. 
His fields showed only slight glaucomatous 


changes. This case of a relatively early stage 
of open-angle glaucoma showed advanced 


sclerosis of its trabeculae and extensive pro- 
liferation of the trabecular endothelium. 
However, there was no granularity of the 
collagen seen in this case (Wolter™). This 
may indicate that sclerosis and proliferation 
of the trabecular endothelium are part of the 
pathologic picture seen in earlier phases of 
open angle glaucoma while granularity of 
the collagen might be a late change caused 
by the long-standing glaucoma (Flocks’*). 

The nerve-fiber stains done on the tangen- 
tial sections of the trabeculae of eyes with 
open-angle glaucomas were of special inter- 
est. Peculiar nerve-fiber changes were seen 
in different stages of their development in all 


* These are the only eyes of this study that were 
not removed surgically and fixed immediately. 
However, these eyes were removed and fixed about 
four hours after death and showed no autolytic 
changes in other parts of the eyes. 
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my cases of open-angle glaucoma. These 
changes were not seen in any other eyes— 
normal or with other types of glaucoma. 

It is well known from earlier studies of 
other authors and myself that the normal 
human has a rich sup- 
ply.**:'%"5 The nerve fibers originate in the 
ciliary nerve plexus and I agree with Hol- 
land, von Sallmann and Collins’*** that they 
end in the trabecular endothelium without 
forming any special end-apparata. 

Figures 28, 29 and 30 were taken from 
tangential sections of the trabeculae of the 


trabeculae nerve 


eyes of the above mentioned 78-year-old 
man who died of rectum carcinoma. The 
trabecular meshwork of both of these eyes 
showed in addition to the trabecular sclerosis 
and the proliferation of the endothelium 
very extensive nerve fiber pathology. In 
some parts of the trabecular meshwork the 
nerve fibers were just slightly thickened and 
irregular in their caliber (fig. 28). In other 
areas interruption of nerve fibers was seen 
with the formation of bizarre terminal swell- 
ings. However, there were not only degener- 
ative but also reactive nerve fiber changes. 
New growth of thin and irregular neurite 
branches was seen to have occurred from the 
ends of interrupted nerve fiber stumps. This 
had resulted in the formation of nerve fiber 
structures that looked somewhat like trees 


, 
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and had coiled up and partially swollen 
branches (fig. 29). These formations looked 
exactly like the “sensory nerve apparata” 
which Kurus® described in the nomal human 
trabeculae. I have no doubt that these rep- 
resent the product of chronic nerve-fiber 
pathology which is typically seen in open- 
angle glaucoma. In other areas of the tra- 
beculae of the same eyes the central stumps 
of the interrupted nerve fibers showed huge 
cell-like terminal swellings of nerve sub- 
stance (fig. 30). 

A more extensive demonstration of the 
neuropathology of the trabeculae of both 
eyes of this 78-year-old patient with open- 
angle glaucoma is published elsewhere."® 


Fig. 29 (Wolter). Pathologic 
treelike formation at the end of an 
interrupted nerve fiber in the tra- 
beculae of a 78-year-old man with 
open-angle glaucoma (arrow). 
(Tangential section, Hortega stain, 
photomicrograph. ) 
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Fig. 28 (Wolter). Nerve fibers in 
the trabeculae of an eye of a 78- 
year-old man with open-angle glau- 
coma. The nerve fibers in this area 
(arrows) show only slight pathol- 
ogy—swelling and irregularity of 
caliber. (Tangential section, Hor- 
tega stain, photomicrograph. ) 


Basically the same nerve-fiber changes were 
seen in two cases of absolute open-angle 
glaucoma. However, in these cases there 
were only few nerve fibers left in the tra- 
beculae while most of them had disappeared 
completely. I am certain that the nerve-fiber 
changes seen in these cases are not artefacts. 
They represent not only degeneration but 
also pathologic reaction of the nerve fibers 
as known from experiments and the pathol- 
ogy of nerves of other human tissues. Such 
changes cannot be explained by autolysis af- 
ter death. The type of nerve-fiber pathology 
found in these few cases of open-angle glau- 
coma indicates that the damage causing them 
must be very slowly progressive and chronic 
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Fig. 30 (Wolter). A bizarre ex- 
tremely large terminal swelling of 
an interrupted nerve fiber (arrow) 
in the trabecular meshwork of a 78- 
year-old man with open-angle glau- 
coma. (Tangential section, Hortega 
stain, photomicrograph. ) 


as to allow for the extensive reactive changes. 
There is no indication in the slides of my 
cases to show whether the nerve-fiber pa- 
thology of the trabecular meshwork is of 
primary or secondary nature. 

In summarizing the findings in the dem- 
onstrated cases of open-angle glaucoma the 
following changes in the trabecular mesh- 
work can be listed: (1) swelling and pro- 
liferation of the trabecular endothelium, (2) 
pigment deposition in and around the tra- 
becular endothelium, (3) sclerosis and in 
some cases granularity of the collagen of the 
trabecular beams, and (4) chronic degenera- 
tive and reactive nerve-fiber changes. 

It must be emphasized that of these 


changes only the proliferation and swelling 


of the trabecular endothelium and the nerve- 
fiber pathology appear to be in any way 
typical for open-angle glaucoma. The pro- 
liferation seems to be especially important 
since this change is just opposite to that of 
aging which goes along with a decrease of 
the number of endothelial cells in the tra- 
beculae. The sclerosis and pigment deposi- 
tion can be found in any normal trabeculae. 
The granularity of the collagen of the tra- 
beculae may be seen in any old pathologic 
process involving the trabecular meshwork. 

Proliferation and swelling of the trabecu- 
lar endothelium in open-angle glaucoma has 
been described before by Teng, Paton and 
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Katzin,® Rohen and Unger,’® Flocks,”"* and 
Kornzweig, Feldstein and Schneider.** The 
just-described nerve-fiber pathology of open 
angle glaucoma (Wolter’*) has, to my 
knowledge, not been demonstrated before. I 
believe that the swelling and proliferation of 
the endothelium and the nerve-fiber degen- 
eration are important findings in the tra- 
beculae of eyes with open-angle glaucoma. 
The other listed changes seem to be second- 
ary and probably caused by the glaucoma. 

The fact that the trabecular endothelium 
in open-angle glaucoma appears swollen and 
to be filled with some homogeneous intra- 
protoplasmatic substance is of great interest. 
It would be important to know what the sub- 
stance in these cells is. Could it be acid 


mucopolysaccharides (Zimmerman"*) ? 


3. PATHOLOGY OF CLOSED-ANGLE GLAUCOMA 


I have been unable as yet to examine the 
eye of a patient with an early stage of angle- 
closure glaucoma. Cases of absolute stages 
of angle-closure of the primary type have 
been seen. However, these eyes do not seem 
to show anything that might help to solve 
the problem of the cause and nature of the 
primary angle-closure glaucoma. 

The trabecular pathology in the cases of 
absolute primary angle-closure glaucoma 
was found to be composed of the following 
changes: atrophy of the trabecular endothe- 
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lium, complete atrophy of the trabecular 
nerves, and collapse of the trabecular net- 
work. In most cases it was surprising to see 
that the collapsed trabecular beams were still 
rather well preserved. There was sclerosis 
and sometimes—but not always—granular- 
ity of the collagen. The sclerosis in all cases 
could be explained by age. Most of the tra- 
becular endothelium was missing in our cases 
and the endothelium was completely gone in 
two cases. The most extensive atrophy of 
the endothelium is always found in the inner 
parts of the trabecular network. The endo- 
thelium of Schlemm’s canal and that next to 
it was usually found to have survived. The 
lumen of Schlemm’s canal appeared obliter- 
ated in most cases. I explain the destruction 
of the trabecular endothelium by the fact 
that the endothelium looses its source of nu- 
trition with the block of the flow of aqueous 
by the angle closure. The survival of the 
endothelium in Schlemm’s canal can be ex- 
plained by back-flow of nutritional fluid 
from the side of the aquous veins. 

It is not surprising to find that all nerve 
fibers were gone in the trabeculae of absolute 
cases of angle-closure glaucoma. The nerve 
fibers are, of course, much more vulnerable 
to any type of direct damage and therefore 
would be expected to degenerate much be- 
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fore the trabecular endothelium. The stumps 
of the nerves that have supplied the trabecu- 
lum in these cases can be demonstrated in 
the ciliary plexus or in the long ciliary 
nerves. Figure 31 shows two stumps of such 
degenerating nerve fibers in the ciliary nerve 
of an eye with absolute closed angle glau- 
coma. Figure 32 shows the nerve stumps 
with coarse terminal swellings and sur- 
rounded by lipids at higher power. 


4. PATHOLOGY OF SECONDARY GLAUCOMA 


Figure 33 represents the low-power view 
of the trabecular meshwork of an eye with 
absolute phacolytic glaucoma. The routine 
stains of the trabeculae of this eye had re- 
vealed many phagocytes in the trabeculae. 
The silver stains showed the trabeculae to be 
otherwise about normal for the 75-year-old 
patient. Blood was seen in the canal of 
Schlemm. The fact that no pathology was 
found in the trabeculae of this case—except 
for the phagocytes in the trabeculae and ad- 
vanced sclerosis—may explain why phaco- 
lytic glaucoma is usually cured after removal 
of the hypermature lens.’® 

Many cases of secondary (hemorrhagic) 
glaucoma following occlusion of the central 
retinal vein or artery*® were studied with 
tangential sections and 


silver carbonate 


Fig. 31 (Wolter). Ciliary nerve 
in the sclera of an eye with ab- 
solute angle-closure glaucoma. De- 
generating nerve fibers are seen all 
through the nerve. (Tangential sec- 
tion, Hortega stain, photomicro- 
graph.) 
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Fig. 32 (Wolter). High-power 
view of a part of the nerve seen in 
Figure 31. Two interrupted nerves 
with terminal swellings (arrows) 
are seen. (Frozen section of sclera, 
Hortega stain, photomicrograph. ) 


stain. The pathology of the trabecular net- 
work in these cases ‘was found to be rather 
uniform. 

« Figures 34 to 38 were taken from tangen- 


tial sections of the trabecular meshwork 


of an eye with absolute hemorrhagic glau- 
coma in a 77-year-old woman, The angle in 


this eye was open but there was extensive 
rubeosis iridis and fibrovascular tissue could 
be seen to extend into the trabeculae in the 
routine sections, Figure 34 shows the inner- 
most portion of the uveal meshwork. Early 
granularity of the collagen of the trabecular 
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beams is clearly visible. A view of the deeper 
trabecular meshwork is given in Figure 35. 
This exhibits in addition to the granularity 
of the collagen a tremendous increase of cel- 
lular nuclei in the spaces of the trabecular 
meshwork. Most of these cells were endo- 
thelial cells. However, there were also mono- 
nuclear inflammatory cells, fibroblasts and 
erythrocytes. 

Figure 36 shows an accumulation of eryth- 
rocytes in this trabecular network. Two 
branching thin-walled blood vessels are seen 
to run within the trabecular meshwork in 


Fig. 33 (Wolter). The filtration 
angle of an eye with phacolytic 
glaucoma. The trabeculae are rather 
sclerotic but show no granularity of 
their collagen. Blood is seen in 
Schlemm’s canal. (Tangential sec- 
tion, Hortega stain, photomicro- 
graph. ) 
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Fig. 35 (Wolter). Section 
through the deeper uveal meshwork 
of the same trabecular meshwork as 
seen in Figure 34. Extensive pro- 
liferation of the trabecular endo- 
thelium is the main pathology seen 
in this area (Tangential section, 
Hortega stain, photomicrograph. 


Fig. 34 (Wolter). Section 
through the inner part of the uveal 
trabeculae of a 77-year-old man 
with absolute hemorrhagic glau- 
coma. There is early granularity of 
the trabecular collagen. (Tangential 
section, Hortega stain, photomicro- 


graph.) 


Fig. 36 (Wolter). An accumula- 
tion of blood in the sclerotic tra- 
beculae of a 77-year-old patient 
with absolute hemorrhagic glau- 
coma. (Tangential section, Hortega 
stain, photomicrograph. ) 


| 
Se 

| 


HISTOPATHOLOGY OF TRABECULAE 


Fig. 37 (Wolter). Branching 
capillaries containing blood in the 
trabeculae of a 77-year-old patient 
with absolute hemorrhagic glau- 
coma. (Tangential section, Hortega 
stain, photomicrograph. ) 


Figure 37. The finding of blood vessels was 
never made by me in any type of primary 
glaucoma. However, blood vessels in the 
trabecular structures can be seen in cases of 
old ocular trauma or inflammation with or 
without glaucoma. The high degree of gran- 
ularity of the collagen of the scleral mesh- 
work is demonstrated in Figure 38. This 
granularity goes along with definite thicken- 
ing of the trabecular beams and with narrow- 
ing of the intertrabecular spaces. 

Figures 39 and 40 are taken from the tra- 
becular meshwork of an eye of a 50-year-old 
woman with absolute hemorrhagic glaucoma 
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in diabetes mellitus. A lake of blood adjacent 
to the inner trabeculae is seen in Figure 39. 
Figure 40 shows the extensive neovasculari- 
zation of deeper parts of the trabecular 
meshwork in the same case. 

Only very few surviving nerve fibers were 
found in the trabeculae of the cases of hem- 
orrhagic glaucoma all of which were in the 
absolute phase. Very often, however, the 
stumps of degenerating nerve fibers are seen 
in the ciliary body and in the ciliary nerves. 
Figure 41 shows the stump of such a de- 
generated nerve fber directly posterior to 
the trabecular meshwork in the ciliary mus- 


Fig. 38 (Wolter). Section 
through the scleral trabeculae of an 
eye of a 77-year-old man with ab- 
solute hemorrhagic glaucoma. There 
is extensive granularity of the tra- 
becular collagen. (Tangential sec- 
tion, Hortega stain, photomicro- 
graph.) 
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cle. This stump is swollen as can be seen by 
comparison to the delicate nerve fibers in- 


nervating the smooth ciliary muscle fibers 
around the swollen stump. This was seen in 
the eye of a 77-year-old woman with hemor- 
rhagic glaucoma. 

In summarizing it can be said that the 
typical pathology of secondary (hemor- 
rhagic) glaucoma following occlusion of 
central retinal vessels is composed of in- 
creased cellularity and neovascularization as 
main features. It appears to me that the neo- 
vascularization alone would in many cases 
not explain why the outflow had been de- 


Fig. 40 (Wolter). Blood con- 
taining capillaries in the trabecular 
meshwork of a 50-year-old woman 
with hemorrhagic glaucoma. (Tan- 
gential section, Hortega © stain, 
photomicrograph. ) 
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Fig. 39 (Wolter). Blood on the 
inside of the trabecular meshwork 
in the eye of a 50-year-old woman 
with hemorrhagic glaucoma. (Tan- 
gential section, Hortega stain, 
photomicrograph. ) 


creased. However, the extensive prolifera- 
tion of the trabecular endothelium and the 
additional accumulation of other cells in the 
trabeculae which were present in all my 
cases would explain the clinically known ob- 
truction of the trabecular meshwork in these 
cases. All cases also exhibited extensive 
sclerosis and granularity of the trabeculae. 
In the late stages of hemorrhagic glaucoma 
angle closure and collapse of the trabeculae 
often complicates the histologic picture. 
This is about all that I now know of the 
of the trabecular meshwork in 
There are some rather interesting 


pathology 
glaucoma. 
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Fig. 41 (Wolter). Swollen nerve- 
fiber stump in the ciliary body next 
to the trabecular meshwork in the 
eye of a 77-year-old woman with 
absolute hemorrhagic glaucoma. 
Very delicate nerves supplying the 
muscle fibers of the ciliary muscle 
are seen all through the photograph. 
(Tangential section, Hortega stain, 
photomicrograph. ) 


relations of the trabecular changes to the 
degenerative changes in the ciliary muscle 
and in the ciliary processes but the limits of 
this talk do not allow to discuss these. You 
will have realized already that no evidence 
for an exiting new cause of the primary 
glaucomas has been found in this study. 
However, I hope to have confirmed some 
findings that have been seen with other stain- 
ing methods and to have added a few points 
of interest and new views. It takes a lot of 
bricks to build a house and all I could do 
was to add a few bricks of knowledge to the 
eventual understanding of the pathology and 
cause of the glaucomas—which still seems to 
be far away. 
SUMMARY 

Tangential sectioning and silver staining 
were used to study the histopathology of the 
trabecular meshwork in glaucoma. 
of the trabecular beams 
pigment deposition were found as aging 
changes in normal trabeculae. Granularity 
of the collagen of the trabecular beams was 
seen as a nonspecific change in different 
types of pathologic involvement of the tra- 
becular meshwork. However, granularity 
was not observed in normal trabeculae of 
eyes that were fixed immediately after enu- 
cleation. Eyes with advanced intraocular tu- 
mor were found to demonstrate pathologic 
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alterations of the trabeculae. 

The trabecular meshwork in 
open-angle glaucoma was found to exhibit 
swelling and proliferation of the trabecular 
endothelium and chronic degenerative and 
reactive nerve-fiber changes in addition to 
changes that may be explained by normal 
aging. Granularity of the collagen can be 
found in the trabeculae in late stages of 
open-angle glaucoma and is considered a 
secondary change. 

Only late stages were examined of the 


cases of 


primary angle-closure glaucoma. These cases 


showed trabecular changes composed of 
atrophy of the trabecular endothelium and 
nerves and collapse of the trabeclular mesh- 
work in addition to the changes that can be 
explained by aging. Granularity of the tra- 
becular collagen may be found. 

The trabecular meshwork of cases of sec- 
ondary (hemorrhagic) glaucoma following 
occlusion of central retinal vessels was 
found to exhibit neovascularization and pro- 
liferation of trabecular endothelium. There 
was also accumulation of blood and other 
cells in the trabeculae. The changes of aging 
and granularity of the trabecular collagen as 
well as secondary angle-closure and collapse 
of the trabeculae were observed in all late 
stages. 


University Hos pital. 
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Secondary glaucoma following occlusion of the central retinal 


DISCUSSION 


Dr. Bernarp Becker (St. Louis, Missouri): You 
had two eyes with controlled chronic simple glau- 
coma and three eyes that were uncontrolled. Were 
there any differences in the histologic pictures in 
the two groups? 

Another question: Is it possible that the finding 
of endothelial proliferation in hemorrhagic glau- 
coma might be related to the fact that the patients 
had underlying chronic simple glaucoma as the basis 
for their hemorrhage? 

Dr. Wotter: All the photomicrographs of nerve 
changes of the trabeculae in open-angle glaucoma 
shown in this demonstration were taken from sec- 
tions of the eves of the patient who had well con- 
trolled glaucoma and good vision. I have seen simi- 
lar nerve changes in the other cases of advanced 
open-angle glaucoma, but in these cases there were 
fewer remaining trabecular nerves and their pathol- 
ogy was more advanced. 

My cases were extremes. Two eyes were of a pa- 
tient with well controlled open-angle glaucoma who 
had no surgery. All other cases were late stages of 
open-angle glaucoma. These facts explain why I am 
not in a position to give a final answer to your 
question. 


Dr. Becker: Did the controlled cases have this 
endothelial proliferation ? 

Dr. Wotter: Yes, all my cases of open-angle 
glaucoma had that. 

Dr. Becker: To the same degree? 

Dr. Wotter: I couldn’t say for sure but they 
all had it to a definite degree. It is my impression 
that the late stages of open-angle glaucoma showed 
more cellular proliferation in the trabecular mesh- 
work than the two eyes of the patient with rela- 
tively early and well controlled open-angle glau- 
coma. 

The second question I cannot answer because I 
have not much more clinical information on most 
of the cases of secondary hemorrhagic glaucoma as 
T needed to be sure about the correct diagnosis. It 
has been only recently that I learned about your 
studies—as well as about the earlier findings of 
Sugar*—which indicate that hemorrhagic glau- 
coma often goes along with open-angle glaucoma 
in the other eye. 

Dr. James H. (New Orleans): I would 

* Sugar, H. S.: Arch. Ophth., 28:587, 1942; Acta 
XVI Conc. Ophth. (Britannia) 1950, p. 846. 
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like to ask Dr. Wolter if he has had an opportunity 
to study the endothelial cells of the trabeculae or 
the questionable cells that contains these pigment 
granules in a large enough series of different ages 
to deterinine whether there is a greater amount of 
pigment in the older patients and less in the younger 
patients. That might throw some light on the ques- 
tion of whether these are cells are phagocytic or 
whether they are actually chromatophores. 

Dr. Wotter: That is an extremely interesting 
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question. It has interested me but I haven’t had time 
to look into it. 

In the first place, I think that a certain degree 
of pigmentation of the trabeculae is not always a 
pathologic finding. I have seen eyes without glau- 
coma and without other pathology that we knew of 
which exhibited very extensive pigment deposition 
in the trabeculae. On the other hand, I think that 
all cases of glaucoma that I have studied also 
showed pigmentation of the trabeculae. 


THE INHIBITION OF CORNEAL VASCULARIZATION BY 
TRIETHYLENE THIOPHOSPHORAMIDE* 


Maurice E, LANGHAM, PH.D. 
Ba!ltimore, Maryland 


A study has been made of the influence of 
triethylene thiophosphoramide  (Thiotepa, 
Lederle Laboratories) on the rate of growth 
of new vessels into the cornea of the rabbit. 
In these experiments, vascularization of the 
cornea has been induced with alloxan using a 
technique described previously (Langham, 
1952). 

Triethylene thiophosphoramide (fig. 1) is 
an active antimitotic agent and is related 
chemically and pharmacologically to the ni- 
trogen mustards in that it is a polyfunctional 
alkylating agent and is most effective on 
rapidly growing normal and neoplastic tis- 
sues. It has been shown to inhibit experi- 
mental tumours (Sparks, Walsh, Sebastian- 
elli, Stevens, Lander, Halliday and Gleson, 
1954) and has been used sucessfully to re- 
tard tumour growth in patients (Watson 
and Turner, 1959). 


MetTHops 


Adult rabbits (New Zealand white weigh- 
ing 2.0 to 3.0 kg.) of both sexes were used 
in these studies. Vascularization of the cor- 
nea was induced with a solution of alloxan 
injected into the anterior chamber. One 
hundred mg. of alloxan was dissolved in 2.0 
ml. physiologic saline and adjusted to pH 


*From the Wilmer Institute, Johns Hopkins 
University Medical School. 


N 
H,C— CH, 


Fig. 1 (Langham). The chemical structure of 
triethylene thiophosphoramide. 


6.5 and the volume made up to 5.0 ml. A 
syringe containing 0.4 ml. of this solution 
was connected to the anterior chamber via a 
27-gauge needle and the alloxan mixed with 
the aqueous humour by pushing the barrel 
of the syringe up and down several times. 
The needle was then pushed through the 
other side of the cornea and the syringe dis- 
The needle was withdrawn 15 
The corneal thickness was 


connected. 


minutes later, 
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TABLE 1 


THE EFFECT OF TRIETHYLENE THIOPHOSPHORAMIDE (TPA) ON NEW VESSEL GROWTH IN 
RABBIT CORNEA AFTER INJECTION OF ALLOXAN (DAY 1) 


Series 7th Day 11th Day 17th Day 
Control A 0.7+0.22 (6) 2.4+0.06 (6) 4.5+0.14 (6) 
Controls B 1.8+0.25 (13) 3.2+0.15 (13) §.7+0.3 (13) 
Series I - 2.7+0.23 (7) 3.1+0.29 (6) 
Series IT — 3.1+0.29 (6) 3.3+0.31 (6) 
Series III 1.6+0.20 (6) 1.9+0.26 (6) - 


The animals in Series I were injected intramuscularly with 2.5 mg./kg. of TPA daily from the 11th day; 
those in Series II were injected 2.5 mg./kg. of TPA subconjunctivally daily from the 11th day. Finally, the 
animals in Series III had one drop of an oil suspension of TPA (10 mg./ml.) instilled topically three times 
daily from the sixth day. Control series B are taken from Langham (1952). Results are expressed in mm. 


(Arithmetric mean +standard error of mean.) 


measured using an apparatus based on the 
method of Maurice and Giardini (1951). 
An aqueous solution of triethylene thiophos- 
phoramide was made by dissolving 10 mg. in 
1.0 ml. of physiologic saline. The composi- 
tion of the suspension of triethylene thio- 
phosphoramide in oil was as follows: Thio- 
tepa 1.05 percent W/V, Tocopherols (34 
percent in oil) 0.15 percent V/V and sesame 
oil made up to 100. 


RESULTS 


Table 1 and Figure 2 summarize the 
results of alloxan on the extent of vessel 
ingrowth into the cornea and also show 
the effect of triethylene thiophosphoramide 
(TPA) given intramuscularly, subconjunc- 
tivally and topically on the ingrowth of ves- 
sels: Typical changes in the experimental 
eyes of rabbits given TPA are shown in 
Figures 3, 4, 5, and 6. 

The reaction of the cornea to alloxan in 
the control series was very similar to that 
found previously in a larger series of rab- 
bits (Langham, 1952). The alloxan caused a 
rapid swelling of the cornea from an initial 
value of 0.4 mm. to approximately 1.0 mm. 
within 24 hours and the cornea remained 
swollen during the remaining period of the 
experiment. On the fourth to sixth days ves- 
sels started to grow into the cornea from the 
limbal region at a linear rate of approximately 
400 » per day. 

In the two series of rabbits given in- 
tramuscular or subconjunctival injections 


of triethylene thiophosphoramide treatment 
was begun on the 11th day. At this period the 
mean extent of vessel ingrowth in the two 
series was not significantly different from 
the controls. Six days after intramuscular 
injections of TPA the mean extent of the 
vessel ingrowth was 3.1 + 0.29 (6) mm.; 
similarly in those rabbits given subconjunc- 
tival injections for six days the mean extent 
of vessel ingrowth was 3.3 + 0.31 (6) mm. 
These values are significantly below those in 
the control series (p < 0.001) and repre- 
sent decreases of approximately 80 percent 
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Fig. 2 (Langham). The mean extent of vessel in- 
growth (mm.) in control (open circles) and treated 
(closed circles) eyes. The upper line connecting the 
open circles shows the mean ingrowth in 13 rab- 
bits reported by Langham (1952). The lower open- 
circle line shows the mean of six experiments in 
the present study. The closed circles show the 
mean extent of vessel ingrowth in animals given 
triethylene thiophosphoramide intramuscularly (up- 
per line), subconjunctivally (middle line), and by 
oil drops (lower line). 
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CORNEAL VASCULARIZATION 
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Fig. 3 (Langham). 
corneal vascularization. 
llth day and (b) 17th day. 


in the rate of ingrowth. The corneal thick- 
ness of these eyes was found to remain 
greater than 1.0 mm. during the period these 
observations were taken. 

In similar experiments the dosage was 
reduced to 0.5 mg./kg. of TPA given either 
intramuscularly or subconjunctivally daily. 
Under these conditions no inhibition of ves- 
sel growth was observed in the rabbits given 
the inhibitor intramuscularly and a variable 
effect in those injected subconjunctivally. 

Although the intramuscular and subcon- 
junctival injections of 2.0 mg./kg. of TPA 
daily caused an inhibition of new 
growth, evidence of general toxicological re- 
actions was observed. In the rabbits injected 
intramuscularly there was a significant loss 
in body weight. The change in the cellular 
composition of the blood of two of these 
animals before and after treatment with the 
inhibitor is shown in Table 2. Blood changes 
were also seen in those animals given sub- 


vessel 


conjunctival injections of the inhibitor (2.0 
mg./kg. daily) and the result of one pair of 
analyses is shown in Table 2. 

In a final series of experiments one drop 
of an oil suspension of TPA (10 mg./ml.) 
was instilled into the eye three times daily 
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The effect of intramuscular triethylene thiophosphoramide (2.5 mg./kg. daily) on 
The initial injection of the inhibitor was given on the 11th day. 


(a) Cornea on 


from the sixth day after the alloxan injec- 
tion and 1" results are recorded in Table 1 
and Figure 2. In all rabbits the drops caused 
a significant reduction in the rate of in- 
growth of vessels. The rabbits showed no 
loss in body weight and no change in blood 
composition. In three of these rabbits ad- 
ministration of triethylene thiophosphora- 
mide was discontinued at the 15th day and it 
was found that new vessel growth recom- 
menced (figs. 6 and 7). 


Discussion 
These experimental results show that new 


TABLE 2 
THE EFFECT OF TRIETHYLENE THIOPHOSPHOR- 
AMIDE ON THE HEMOGLOBIN AND WHITE 
CELL COUNT OF RABBIT BLOOD 


‘Hemoglobin Ww hite Blood Cells 
(ml.~) 


6, 670 +20. 6 (6) 


Rabbits 


+0. 64 (6) 


Controls 
9107 


| 


Before 
After 
Before 
After 
Before 
After 


9162 


9081 


Rabbits 9107 and 9162 were given 2.5 mg./kg. of 

TPA intramuscularly and 9081 2.5 mg./kg. of TPA 
subconjunctivally daily for eight days and the second 
analyses made on the 98th day. 
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vessel growth into the oedematous cornea 
may be inhibited by triethylene thiophos- 
phoramide given either systemically or ap- 
plied directly on the eye. However, the re- 
sults indicate that the cytotoxic properties of 
the compound limit its systemic applica- 
tion, for the dose needed to inhibit corneal 
vascularization also caused loss in body 
weight and marked haematologic changes. 
Similar toxicologic changes were observed 
after subconjunctival injections of the drug 
and this was almost certainly due to the 
rapid absorption of the highly soluble com- 
pound into the general circulation. It was 
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Fig. 4 (Langham). The effect on corneal 
vascularization of triethylene thiophosphora- 
mide (1.0 mg./kg. daily) injected subconjunc- 
tivally. Appearance of the cornea after ad- 
ministration of alloxan at (a) seven days, 
(b) 11 days, and (c) 20 days. The inhibitor 
was injected daily from the 13th to the 20th 
day. 


for this reason that a suspension of the in- 
hibitor in oil was prepared. Instillation of 
this on the eye proved effective in inhibiting 
new vessel growth and at the same time al- 
lowed the dosage to be reduced to a level be- 
low which cytotoxic changes were observed. 

In view of the antimitotic character of 
TPA, there can be little doubt that the in- 
hibition of new vessel growth was due to 
a suspension of capillary endothelial pro- 
liferation. It was therefore of particular in- 
terest that vessel growth recommenced on 
withdrawal of TPA for it means that the 
stimulus to new vessel growth persisted in the 
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Fig. 5 (Langham). The influence of topical thiophosphoramide on corneal vascularization. Cornea after 
injection of alloxan (a) at six days and (b) at 15 days. From the sixth to the 15th day, one drop of the 
inhibitor suspension in oil was instilled three times daily. No ingrowth occurred over this period. 


Fig. 6. (Langham). The influence of topi- 
cal thiophosphoramide on corneal vasculariza- 
tion. One drop of the inhibitor suspended in 
oil (10 mg./ml.) was given three times daily 
from the sixth to 15th day following ad- 
ministration of alloxan. Treatment was sus- 
pended at the 15th day. Vascularization on 


ee. the (a) sixth, (b) 15th, and (c) 22nd days. 
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Fig. 7 (Langham). Effect on corneal vasculariza- 
tion of triethylene thiophosphoramide (10 mg./ml. 
suspension in oil) administered topically daily from 
the seventh to the 15th day (open circles). The closed 
circles represent the mean extent of vascularization 
in the control series. 


cornea for many days after injection of 
alloxan. This is readily explained on the 
basis of the concept put forward by Cogan 
(1949) that corneal oedema in the limbal 
region is the stimulus to neovasculogenesis, 


for the cornea remained grossly swollen 
during these experiments. At the same time, 
the results do not rule out the alternative 
possibility that the stimulus to neovasculo- 
genesis is organic in nature (Langham, 
1953). 

It is well known that cortisone can in- 
hibit new vessel growth in certain condi- 
tions and the present studies throw further 
light on the mode of action of this hormone. 
Duke-Elder and Ashton (1951) suggested 
that cortisone inhibits corneal vasculariza- 
tion by a direct suppression of endothelial 
proliferation, and indirect support for this 
view was found from the significant de- 
crease in the renewal of corneal endothelium 
in cortisone treated rabbits (Ashton and 
Cook, 1951). On the other hand, in a pre- 
vious investigation (Langham, 1952) it was 
shown that cortisone would not inhibit the 
ingrowth of vessels into the swollen cornea 
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but would decrease the swelling that pre- 
cedes new vessel growth. Under these con- 
ditions, the compactness of the tissue could 
prevent new vessels entering the cornea. 
This interpretation is now strongly sup- 
ported by the present observations that TPA, 
a mitotic inhibitor, suppressed vessel growth 
in the swollen cornea. 


SUMMARY 


1. The influence of a mitotic inhibitor 
triethylene thiophosphoramide on the rate 
of growth of new vessels into the cornea 
of the rabbit has been studied. Vasculariza- 
tion was induced with alloxan injected into 
the anterior chamber. 

2. The inhibitor was found to cause a 
decrease of over 80 percent in the rate of 
ingrowth of new vessels when given intra- 
muscularly, subconjunctivally or topically. 

3. The inhibition of vessel growth oc- 
curred in the presence of a grossly thick- 
ened cornea and it was found that new ves- 
sel growth recommenced on withdrawal of 
the inhibitor. 

4. Cytotoxic changes in the blood of ani- 
mals given intramuscular or subconjunctival 
injections of the inhibitor were found, but 
none in the series of animals treated topi- 
cally. 

5. It is concluded that triethylene thi- 
ophosphoramide may be used to directly 
inhibit capillary endothelial proliferation in 
the oedematous cornea and that it is effec- 
tive when instilled into the subconjunctival 
sac. 


The Johns Hopkins Hospital (5). 
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Dr. Winston Roperts (Winston-Salem, North 
Carolina): Dr. Langham, what strength is the oil 
supension that you used, and where are you getting 
it? 

Dr. LANGHAM: Thiotepa is made by Lederle, and 
we have been using a suspension of 10 mg./ml. 

Dr. Hunter RoMAINne (New York): Dr. Lang- 
ham, how long can you continue this? What is the 
longest period of time you have kept it in continu- 
ation ? 

Dr. LANGHAM: 

Dr. ROMAINE: 
after that time? 

Dr. LANGHAM: Yes, provided the cornea is still 
thick. 

Dr. Grant: I am interested to know what effect 
the compound had on normal rabbit eyes when 
applied in the same amount for the same period of 
time. 

Dr. LANGHAM: I have applied drops of Thiotepa 
three times daily on normal eyes for a period of two 


About two to three weeks. 
Does vessel growth continue 


The use of alpha chymotrypsin in cata- 
ract surgery was a significant milestone in 
the clinical uses of enzymes. When I specu- 
late on the future I visualize that com- 
parable advances are imminent. 

Realizing that considerable data has been 

*From the Research and Development Depart- 
ment, Armour Pharmaceutical Company. Presented 
at the Midwinter National Meeting of the Associ- 
tion for Research in Ophthalmology, Inc., December 


4, 1959, Medical College of Georgia, Augusta, 
Georgia. 


DISCUSSION 


VARIOUS LABORATORY ASPECTS OF ALPHA CHYMOTRYPSIN* 


CHARLES W. DAMASKUS 
Kankakee, Illinots 


weeks and found that there was no change in the 
thickness of the cornea. 

CHAIRMAN ROMAINE: Do you have sections on 
these eyes? 

Dr. LANGHAM: No. 

Dr. James E. McDonatp (Chicago): I wonder 
what these eyes might look like a year later. It 
seems that you are getting a local radiomimetic 
effect. 

In our work with beta radiation we found that 
although there might be no superficial evidence of 
damage, if there were a therapeutic effect with beta 
radiation, a year or two later we would get a 
growth of telangiectatic blood vessels. They didn’t 
seem to be aggressive looking, but they did cause 
a cosmetic deformity in some of our beta radiation 
patients. 

As far as I know, local radiomimetics have not 
been studied from the standpoint of their possibility 
of producing a subsequent telangiectasia. 


published in your journals on the techniques 
involving the use of alpha chymotrypsin in 
cataract surgery, I choose to discuss another 
area which I hope you will find informative. 
Briefly, I intend to describe how alpha 
chymotrypsin is prepared, characterized and 
standardized; the present stability data and 
compatibilities of alpha chymotrypsin with 
some of the drugs used in cataract surgery. 

Alpha chymotrypsin is extracted and 
purified from bovine pancreas using an 
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Fig. 1 (Damaskus). Chymotrypsinogen crystals. 


Armour modification of the conventional 
published technique. Basically, the process 
involves grinding the frozen pancreas glands 
and extracting the powder with a concen- 
trated phosphoric acid alcohol solution. The 
residue from the previous extraction is sus- 
pended as a slurry and ammonium sulfate 
added. After centrifugation the residue is 
discarded. The supernatant containing the 
zymogen is precipitated with ammonium 
sulfate. The precipitate contains the chymo- 
trypsinogen and the filtrate after subsequent 
fractionations yields trypsinogen, the pre- 
cursor of trypsin. The chymotrypsinogen is 
then solubilized in water, and a low con- 
centration of trypsin added as the activator. 
The activation is allowed to proceed. The 
alpha chymotrypsin is precipitated from the 
activated solution with ammonium sulfate, 
dialyzed against distilled water and lyophil- 
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ized as a bulk powder. The bulk alpha 
chymotrypsin is assayed for activity, mois- 
ture, ash and total protein. The alpha chymo- 
trypsin is then solubilized in PF distilled 
water, sterilized by filtration, aseptically 
filled into vials, frozen, lyophilized, sealed 
under dry nitrogen and assayed again (figs. 
1, 2, 3, and 4). 

Each mg. of alpha chymotrypsin contains 
1100 to 1200 Armour units of proteolytic 
activity and is virtually salt free. The prote- 
olytic activity is determined by a modifica- 
tion of Anson’s hemoglobin method in which 
one unit of activity is that amount which, 
upon incubation with the hemoglobin sub- 
strate (urea denatured bovine hemoglobin) 
will release substances that, when reacted 
with Folin-Ciocalteau phenol reagent, will 
result in the formation of a colored solu- 
tion of equal intensity to that produced from 
the reaction of 5.52 X 10° millimoles of 
tyrosine. In the interpretation of assay re- 
sults, a maximum error of + 8.0 percent 
should be used. 

I previously stated that each mg. of alpha 
chymotrypsin contains 1100 to 1200 A.U./ 
mg. Thus, when packaged, vials contain 
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Fig. 2 (Damaskus). Alpha chymotrypsin crystals. ~ be 


ALPHA CHYMOTRYPSIN 


1119/33 


Fig. 3 (Damaskus). Chymotrypsinogen electrophoric pattern. 


550 to 800 pg. of chymotrypsin solids and 
are labeled as 750 A.U./vial. 
Our laboratory assayed different alpha 


chymotrypsin powders and obtained assay 
values of 750 A.U./mg. to 1300 A.U./mg. 
On this basis, we urged that the clinical 
evaluations be conducted on a unitage basis 
instead of a dilution of solids to volume. 
I believe that all the commercial alpha chy- 
motrypsin preparations available in the 
United States are now labeled on a unitage 
basis, using the previously described sub- 
strate assay. 

The question in reference to the stability 
of alpha chymotrypsin after reconstitution 
with normal saline occasionally arises. The 


following data are considered characteristic. 
Sterile lyophilized alpha chymotrypsin in 
vials containing 700 A.U. of activity were 
reconstituted, each with 5 ml. of sterile 
normal saline and assayed initially and 
after 24, 48 and 72 hours storage. The 
following assay results were obtained in 
A.U. per ml. (table 1). 


STABILITY OF RECONSTITUTED 
ALPHA CHYMOTRYPSIN 


Vials do not contain a preservative and, 
thus, are considered single dose containers 
and should be discarded immediately after 
use. When the alpha chymotrypsin solution 
is used within 8 hours after reconstitution 


Fig. 4 (Damaskus). Chymotrypsin electrophoric pattern. 
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TABLE 1 
STABILITY OF RECONSTITUTED ALPHA CHYMOTRYPSIN 


Proteolytic Activity 
ytic 
Time (hr (A.U./ml.) 


Initial 140 
122 
104 
116 


there is no loss in activity. 

Compatibility of alpha chymotrypsin with 
drugs used in the eye is another question 
that has arisen on several occasions. The 
following assay data was obtained from 
samples that were added to normal saline 
reconstituted vials of alpha chymotrypsin 


(table 2). 


COMPATIBILITY OF ALPHA CHYMOTRYPSIN 
WITH VARIOUS COMPOUNDS 


These data indicate that epinephrine at 
a concentration of 10 mg./ml. or 1:100 dilu- 
tion will effectively inactivate chymotrypsin. 

The last item I would like to mention in 
this discussion is the subject of chymo- 
trypsin inhibitors. To demonstrate the action 
of chymotrypsin inhibitors, the following ex- 
periment was designed, Rabbit blood was 
withdrawn and centrifuged. The serum was 
aspirated and pooled. To one sample of rabbit 
serum 5500 A.U./mil. of crystalline trypsin 
was added, and to the second sample 5750 
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TABLE 3 
INHIBITOR EFFECT 


Trypsin Chymotrypsin 
Proteolytic Proteolytic 
Activity Activity 
46 A.U./ml. 485 A.U./ml. 


(A.U./ml.) 
15 min. Nil. 500 

1 hr. Nil. 510 

2 hr. Nil. 500 

3 hr. Nil. 505 
3.5 hr. Nil. 465 


Initial 


A.U./ml. of crystalline alpha chymotrypsin 
was added. Samples were retained at room 
temperature and assayed at various time in- 
tervals. The following results were obtained 


(table 3). 


INHIBITOR EFFECT 

These data indicate that rabbit serum con- 
tains sufficient trypsin inhibitor to bind ap- 
proximately 99 percent of the trypsin ac- 
tivity and sufficient chymotrypsin inhibitor 
to combine with approxirzately 90 percent 
of the chymotrypsin activity. When proteo- 
lytic activity is directly associated with a 
substrate effect, such as alpha chymotrypsin 
on the zonule, the concentration of inhibi- 
tor in the residual fluids is a factor to con- 
sider. It is conceivable that variation in 
inhibitor concentration may exist in differ- 
ent conditions and individuals. I would like 
to pose the question, “Is this the reason diffi- 


TABLE 2 
COMPATIBILITY OF ALPHA CHYMOTRYPSIN WITH VARIOUS COMPOUNDS 


Drug 


Pilocarpine HCl 
Pilocarpine HNO; 
Pontocaine 
L-Arterenal bitartrate 
L-Arterenal bitartrate 
Epinephrine 
Epinephrine 

Acetyl choline 


Additional Compounds Tested 
Cystine 

Urea 

Boric acid 

Sodium bicarbonate 

Hydrogen peroxide 


Concentration 
(mg./ml. 


1:1 ,000) 160 167 ( 


Proteolytic Activity 
After R. T. Storage 
(A.U./ml.) 


Estimated Initial 
(A.U./ml.) 


71,000) 160 166 ( 
500) 150 ( 
100) 

1,000) 

100) 


: 
== 
— : 
4 
1 (0.1%, 1 hr.) 
1 (0.1%, 1 hr.) = 
5 (0.5%, 1 1 hr.) “3 
10 (1.0%, 1 1 hr.) 
1 (0.1%, 1 1 hr.) ee 
10 (1.0%, 1 1 hr.) pi 

1 (0.1%, 1:1,000) 153 184 ( 1 hr.) 

0.4 (0.04%, 1:2,250) 134 102 (24 hr.) 
50 130 130 ( 4 hr.) 
50 120 120( 4 hr.) 
22 135 135( 4hr.) 
20 135 125 ( 4hr.) 
1 145 Nil. ( 4 hr.) ing 


culties are involved in some of the problem 
extractions ?”’ The variation in inhibitor con- 
centration in systemic circulation is now be- 
ing investigated in various organic conditions. 

The use of a chymotrypsin inhibitor be- 
comes practical in irrigating the anterior and 
posterior chambers of the eye after lens re- 
moval. With this technique there would be 
complete assurance of no latent chymotrypsin 
effects on the iris, cornea and other tissues 


involved. 


In order to describe our experimental re- 
the 
method of determining limens or thresholds, 


sults it is necessary to review basic 
which has been established by psychologists 
working in the field of physiologic optics. 
When a visual stimulus is very weak, it 
cannot be seen. When such a stimulus is 
very strong, it is always seen. Between these 
exist that 


are only rarely seen, or are nearly always 


extremes there stimulus values 
seen. Thus the threshold is not truly a sud- 
den change, but a gradual one. For conveni- 
ence, we can describe the threshold as the 
stimulus value that is seen half the time, and 
not seen half the time, in a large number of 
trials. This is called the 50-percent probabil- 
ity of seeing threshold.* Stimulus values 
weaker than this can be called subliminal 
values, because they will be seen with de- 
creasing frequency, always less than half the 
time. 

This phenomenon stimulus-response 
relationship is found in all sense modalities, 
as well as in vision. It is a phenomenon of 
the response to the intensity of sound, to 
the effectiveness of weight through the pro- 


* From the Eye Research Foundation of Bethesda. 
This work was supported by Contract Nonr 


2750(00) with the Office of Naval Research. 
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SUMMARY 
Alpha chymotrypsin preparation, char- 


acterization and stability were discussed. 
Data were also presented in reference to 
chymotrypsin compatibility with medicinals 
used in the cataract surgical technique. It 
was suggested that if serum or blood is pres- 
ent in the anterior or posterior chamber dur- 
ing cataract surgery, chymotrypsin inhibitors 
may selectively bind alpha chymotrypsin and 
interfere with zonulolysis. 


prioceptive system, to taste and to smell. No 
measurement of the limit of perception is 
statistically meaningful unless its relation- 
ship to tlie probability of response is known. 

There many thresholds in vision. 
There is the threshold of least light to a 
dark-adapted eye, the threshold of differ- 
ence of color, in hue or saturation, and the 
threshold of change in brightness, often 
called the contrast threshold. This contrast 
threshold is of greatest interest to us be- 
cause it includes the concept of adaptation 
of the photoreceptive system to the general 
ambient luminance. In studying contrast one 
asks, what is the least perceptible change in 
brightness ; either higher or lower, than the 
The threshold ex- 
hibits the probability curve, and therefore 
permits the measurement of probability of 
seeing, 

The specific contrast thresholds we have 
measured refer to repetitive stimuli. Instead 
of measuring the probability of seeing for 
various contrasts, we have measured the 
probability of seeing for various uniformly 
repeated exposure times at a constant low 
contrast. The stimulus is alternated above 
and below the apparent brightness of the 
background at five-percent contrast each 
way. The rate of alternation, of which each 
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background ? contrast 
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phase is equal in time, is converted to milli- 
seconds of on-time (which equals millisec- 
onds of off-time). In the threshold range, 
the subjective response to this type of repet- 
itive stimulus is a perception of irregular 
spotty flashes, apparently of quite random 


nature, which closely resemble the visual ap- 
pearance of the scintillation of a phospho- 
rescent crystal in a radiation field. This re- 


sponse is one of the series of perceptual 
phenomena associated with repetitive or in- 
termittent visual stimuli and known as 
“flicker,’”? 

Our procedure also includes one other 
very important experimental control, which 
must be included in presentation. The times 
of the stimuli vary in a predetermined ran- 
dom order. Thus the alternating stimulus is 
presented at a frequency of 20 per second, 
for example, for about 10 seconds, then at 
27 per second, then at 23, then at 35, and so 
forth. This is to require that each succeed- 
ing rate be unknown to the subject, so that 
his response is determined by the stimulus 
rate, rather than by any anticipation on his 
part. This procedure tends to eliminate sub- 
ject bias, and also serves as a good check of 
both malingering and insight by the subject 
examined. 

In our procedure the background adapta- 
tion and pupil size are maintained by a large 
white field at 50 cd/m? luminance, over 60 
degrees in subtense. In the center of this 
field, a 2.0-cm. spot, viewed at 100 cm., con- 
tains the alternating stimulus of nearly 
equal brightness. This spot is 1.15 degrees 
in subtense, or well within the foveal area.* 
The stimuli are selected by the successive 
positions of an 11-pole switch, wired in the 
desired random order, and are presented for 
about 10 seconds at each position clockwise 
and counter-clockwise, for three complete 
cycles. This presents 10 selected frequencies 
six times and the 11th three times, for each 
set. Whenever the subject perceives the 
scintillation, he responds by sounding a 
buzzer. 

Seventy-eight subjects aged 16 60 


to 
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years, were studied but for reasons de- 
scribed below, only the records of 60 sub- 
jects were used. All of the subjects had nor- 
mal binocular vision with acuity 20/20 or 
better in each eye after refractive correc- 
tion, which was worn if prescribed. The 
right, the left, and both eyes were measured. 
The two 
made using a translucent occluder, which 
prevented form perception, but maintained 
adaptation level. Each subject was given 63 


monocular measurements were 


measured stimuli, each three times, there- 
fore 11,340 trials are analyzed in the pres- 
ent report. 

The results of the analysis of these data 
are shown in Figure 1. The raw data are 
first rearranged in serial order, against the 
time in milliseconds of half cycle. At the 
right of the figure, at 22 milliseconds, all 
stimuli are always seen for either and both 
eyes. The response of the right eye alone is 
indicated as pr, that for the left eye as pr, 
and that for both eyes as ps. The response 
for the two eyes together is superior to 
either eye alone. This is shown by the shift 
of the pp curve to the left, which indicates 
that at a given stimulus level, say 17 milli- 
seconds, the probability of seeing binocu- 
larly exceeds the probability of seeing mo- 
nocularly. 

Now, it should be possible to compute the 
binocular response, knowing the two mo- 
nocular responses.* The cannot 
know, when both eyes are working together, 
if he sees with the right eye, the left eye, or 
both eyes. This is analogous to the measure- 


subject 


ment of probability of seeing with one eye 
in each of two heads. Imagine two subjects 
watching the spot simultaneously, each with 
only one eye. If either or both report seeing, 
it is credited as response. Only if both fail 
to see do we credit failure of response. Such 
an effect could be predicted from the known 
behavior of these two monocular subjects. 
Thus if, at a certain stimulus level, one of 
them responds with 40 percent probability 
of the time, he fails with 60 percent prob- 
ability. Imagine the other responds with 60 
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slower stimulus rate 


probability of response in % 


13 


18 19 20 


vo cycle in milliseconds 


Fig. 1 (Peckham and Hart). Frequency of seeing curves for right eye (pr), left eye (pi) and both eyes 
(px), analyzed from data on 11,340 trials with 60 subjects. 


percent probability, which is 40 percent im- 
probability. Their average is indeed 50 per- 
cent, but their conjoint responses must be 
measured, not by the average, but by the 
computed improbability that both fail simul- 
taneously. This is predicted by the product 
of the separate improbabilities, that is, the 
product of 0.60 * 040. This yields the 
value 0.24, which is the chance or probabil- 
ity that both will fail at once. The chance of 
either or both seeing, which is the chance of 
a credited response, is 1.00—0.24, which 
equals 0.76. Thus when either or both re- 
spond, the probability of response is greater 
than the average of individual responses. 
Similarly, a subject with both eyes open 
has four conditions of seeing, he sees with 
the right eye only, he sees with the left eye 
only, he sees with both eyes, or he fails to 
see with either and both eyes, for the spe- 
cific stimulus. This analysis, derived for a 
single and discrete stimulus, applies to repet- 
itive stimuli also, although it is to some ex- 
tent dependent upon the period of stimula- 
tion, which controls the number of repeti- 


tions. The effect of the repetition, in the ex- 
perimental situation, is to spread the prob- 
abilities over a wider stimulus range, that 
is, to increase the value of the standard de- 
viation of the response distribution. This is 
indeed a great advantage, since, first, it per- 
mits a more reliable estimate of individual 
differences, and second, it more closely re- 
sembles uninhibited natural seeing, when 
the uncontrolled stimulus becomes repetitive 
because of the continual saccadic eye move- 
ments, 

Consequently, since we have recorded 
complete probability curves for each single 
eye of our subjects, we should be able to 
compute their binocular responses. In mak- 
ing this computation, only those records that 
show intermediate distributions can be used. 
Thus, if a set of records for a subject shows 
either complete responses to all stimulus 
levels, or no response to any stimulus level, 
for right, left, or both eyes, none of his rec- 
ords can be used for this type of computa- 
tion. Of the 78 subjects measured, 60 rec- 
ords permitted the computations. 
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Fig. 2 (Peckham and Hart). Predicted frequency of seeing from two monocular records (pri.) com- 
pared to empirical binocular responses (px), according to the formula shown. The curve of binocular 
facilitation (ps) indicates that this effect depends mostly upon subliminal stimuli. 


Figure 2 shows the results of such a com- 
putation. The curve pr indicates the com- 
puted trace of binocular prediction, accord- 
ing to the improbability products of the for- 
mula shown. The actual binocular response, 
however, is greater than this prediction. The 
experimentally determined curve, “pr”, ex- 
ceeds the responses shown in the predicted 
curve Consequently we are fo-ced to 
conclude that the binocular response in- 
cludes some kind of facilitation over the two 
monocular responses. Statistically, the two 
curves, Py and pri, can be shown to be mu- 
tually independent, although the overlapping 
section at the shoulder of the curves is sta- 
tically insignificant. 

Since there is such a difference, which we 
describe as binocular facilitation, the curve 
ps has been devised to graphically express 
the difference, as a relative contrast in prob- 
ability of response, by the formula shown in 
figure two. The facilitation exists mainly in 
the area below the 50% probability of re- 
sponse, that is in this sense, it is subliminal. 


What responses are found in the toe of the 
experimental binocular curve, pp, are indi- 
cated in the differential distribution curve, 
ps, as almost entirely related to the dinocular 
facilitation. 

Now, it seems obvious, failing efferent 
fibers to the retina in the optic nerve, that 
the facilitation site must lie beyond the optic 
chiasma. Schrier and Sperry have found 
evidence of a subcortical integrating system 
in “split-brain” cats, evidenced in certain 
visuo-motor functions.’ Bishop has reported 
interocular synapses within the lateral genic- 
ulates.° There is a need for specific electro- 
neural recording of responses, monocular 
and binocular, as described by Talbot and 
Marshal.’ If possible, these responses 
should be traced from the retina, directly or 
as corneal potentials, from both the optic 
nerves and the optic tracts, from the area of 
the geniculates, from within the optic radia- 
tion, and from the visual cortex, first in ani- 
mals, and later, possibly in man, coincident 
with operative procedure, as has Penfield.‘ 
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It is the opinion of the authors that the 
use of repetitive stimuli lends itself ad- 
mirably to this purpose. Hech and Getter- 
strom have shown that the usual masking 
effect of noise over signal, at the occipital 
lobes, can be overcome by the summation of 
such repetitive stimuli, in tracing a sinus- 
oidal retinal stimulation at low sonic fre- 
quencies.° The phenomenologic observation 
of the scintillating appearance of a critical- 
ly flickering light leads to the conjecture 
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that a counting rate procedure may be su- 
perior to attempts at tracing the entire elec- 


troneural response at the various recording 
sites mentioned above. Finally, the flicker 
phenomenon itself is a discrete response, to 
which conditioned reflexes can be associ- 
ated, in both animals and man after the 
manner of Hilgard, in order to relate elec- 
troneural traces to perceptual responses." 


8218 Wisconsin Avenue (14). 
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DISCUSSION 


Dr. ALPERN: I followed the various researches of 
Drs. Peckham and Hart with considerable interest, 
and I want to congratulate them on their interesting 
work. 

As I remember the apparatus, Dr. Peckham, one 
makes no attempt to control variations in pupil size 
in making these measurements. It occurs to me that 
the size of the pupil is different when either eye is 
fixing than when both eyes are fixing; and when the 
size of the pupil varies, the retinal illuminance must 
vary. 

I wonder to what extent this influences the dif- 
ferences between measurements on either eye and 
measurements on both eyes together. 

Dr. PeckHAM: It is a very obvious question, and 
one we have not failed to consider. The pupil size is 
well controlled by the very large field. There are no 
changes in the course of an experiment in the over- 
all illumination to the eye. The brightness of the 
flickering spot varies by a very small amount, at 
that level of illumination, increasing only five percent 
or decreasing five percent below that level; so there 
is no significant change in brightness throughout the 
experiment. 

The effect of the occluder is not to decrease the 


illumination but to make it impossible for the oc- 
cluded eye to see anything clearly. It is a frosted 
material so that the light continues. 

The results are accumulated for a large number 
of patients, so that individual differences in pupil size 
and consequently individual differences in retinal il- 
lumination are constant and added throughout. In 
effect they are averaged in. So, they would not have 
an effect on the results. The only effect would be in 
the difference between the binocular and the monocu- 
lar records. 

Your point would be that under some conditions 
there may have been more light binocularly than to 
either monocular level. The answer to this is that 
the occluded eye is not involved in the perception of 
the flicker. The light is the same for either occluded 
eye and for both eyes binocularly. 

Since the occluder does not decrease the illumi- 
nance, there is no reason to think the occluder will 
increase the pupil size. It is a fairly high level field. 
Fifty candles per square meter is a bright room 
illumination. Under these circumstances, then, we 
feel that what we have shown here is an increase in 
the probability of seeing that has resulted from the 
use of the two eyes instead of one, which we call 
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binocular facilitation. 

Finally, the change in the Limen: You will recall 
from the slide that the slope was changed. The 50- 
percent level shift is not very great, and is not as 
great as we would expect even with a modest change 
in brightness. 

Dr. ALPERN: Just to be certain of this point, it 
might be well to make some measurements of the 
pupil size under stimulus conditions, first without the 
occluder and then with it. 

Dr. PECKHAM: Yes, and we are planning to do 
that for other purposes. 

Dr. ALPERN: I suppose this is really not the place 
to get into a methodological discussion of the various 
methods of making flicker measurements, but I can’t 
resist the temptation to tell you of some work that is 
going on in our laboratory in collaboration with Mr. 
Sugiyama, one of my graduate students, because it 
reflects some questions on the validity of using the 
constant stimulus method in the way you are 
doing it. Let me just tell you what we have been 
finding. 

Mr. Sugiyama and I have been looking at flicker- 
ing lights and measuring the effect of looking at a 
pulsing light on measurements of CFF. What we 
have found (and this has also been described by 
others) is that if one looks at a light which is puls- 
ing below the CFF, the measurement of CFF goes 
down as a consequence of looking at this pulsing 
light. 

This kind of result, I think, was beautifully dem- 
onstrated by Dr. Hart and you in a paper which you 
published a few weeks ago, in which you found that 
if you made your psychophysical procedure at what 
you called a slow rate and a fast rate, you got a 
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different kind of flicker contour. Your curves were 
shifted over. 

I think this is a clear demonstration of the same 
effect. I wonder if you have any comments on that. 

Dr. PEcCKHAM: I might say that the effect we 
found was monocular. I did not report in this binoc- 
ular paper that we also found a confirmation of the 
same effect in the measurements made the second 
time around in the two monocular measurements. 
Again there was a distortion of the form of the 
psychophysical curve that is a function of the rapid- 
ity of the stimulus, and we have interpreted this 
(whether we are right or not) as a kind of monocu- 
lar and retinal phenomenon occurring (if it does oc- 
cur) within the retina itself, in the nuclear layer of 
the retina, whereas the binocular effect is quite out- 
side the retina, unless you try to imagine some kind 
of fibers going back in—and nobody has found them. 

However, as far as pupil size is concerned, I would 
like to make one more point. We have been making 
studies in shifting the level of illumination sharply, 
and here we have found that pupillary size is a con- 
trol, and so we are making photographic measure- 
ments of the pupillary size. 

We had a reason for not using an artificial pupil. 
All of our measurements, we found, after some ef- 
fort, are most easily made when the field is quite 
open and free to the subject. Our interest originally 
in making these measurements was to determine the 
sensitivity of the subject to the entire retinal image. 
We felt that an artificial pupil to some extent would 
vitiate the value of these measurements. 

So, we have tried to control the pupil size by the 
general illumination. When you do change the lumi- 
nance you get a change in pupil size. 
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INTRODUCTION 


Although the use of cold water immersion 
for its sedative effect has been known for 
many centuries, the term hypothermia was 
not introduced until 1941." Widespread inter- 
est in the physiological and biochemical ef- 
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National Institute of Neurological Diseases and 
Blindness of the National Institutes of Health, Pub- 
lic Health Service. 


fects of hypothermia in man and animal 
have followed the suggestion that such a 
technique might permit surgeons to operate 
in a bloodless field.* With falling body tem- 
perature oxygen consumption of the tissues 
decreases* and many physiological functions 
decrease in rate. There appears to be a gen- 
eral depression of the cardiovascular, renal, 
and central nervous systems by cold. 

Little has been reported about the effect 
of hypothermia on the eye. With fall in body 
temperature, the pupils become large and 
fixed. Reversible changes occur in the cornea 
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and the lens with extreme cooling to temper- 
atures near and below freezing.** In the 
present studies a profound effect of hy- 
pothermia on aqueous secretion has been 


observed. 
METHOpsS 


Male albino or California rabbits from 
Haskins Rabbitry, Saint Louis, weighing 
2.0 to 3.0 kg. were used throughout this 
study. Each rabbit was anesthetized, in- 
itially, with thiamylal sodium,* 0.5 cc./kg. 
by parenteral administration followed by 
booster doses of 0.5 cc. as required during 
the induction period. No further injections 
were required once the rectal temperature 
fell below 30°C. and cold narcosis could take 
over. 

Immediately following parenteral anes- 
thesia, the rectal temperature was taken and 
the intraocular pressure was measured using 
the Schigtz tonometer. A laboratory thermom- 
eter, inserted 13 to 15 cm., was used for all 
rectal temperature determinations. The ani- 
mal was at once immersed into an ice water 
bath (fig. 1) maintained at 1°C. to 2°C. 
Room temperature was maintained at ap- 
proximately 20°C. The Schigtz scale read- 
ings and concomitant rectal temperatures 


+ The thiamylal sodium (Surital sodium) used in 
this study was provided by Parke Davis. 
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were recorded at intervals throughout the 
experimental period. After removal from 
the bath, the rectal temperature generally 
fell 2°C. to 3°C. further. 

Tonography was performed with an elec- 
tric tonometer.” Tracings were made on a 
Leeds and Northrup recorder. Topical tetra- 
caine (0.5 percent) was used for those rab- 
bits studied at normal temperatures; how- 
ever, it was not required for those animals 
studied under hypothermia. Flow rates were 
calculated from the equation F = C (P, — 
P,) assuming an episcleral venous pressure 
of 9.0 mm. Hg. Schigtz scale readings were 
interpreted according to Wistrand’s cali- 
bration curve for the rabbit.® 

Perfusion in vitro and in vivo was per- 
formed by methods already described.* 


‘The facility of outflow in the living rabbit 


eye was determined by the equation: C = 
I/P; — Po, where 


| =rate of saline inflow (1/min.) 

P; = inflow pressure (mm. Hg) 

P. = intraocular pressure before cannulation 
(mm. Hg) 


Perfusion in the dead rabbit was performed 
in the same manner as in the living and the 
facility of outflow was determined by the 
equation C = I/P,.™ 


RESULTS 
Mean values of Schigtz readings and the 


Fig. 1 (Pollack, Becker and Con- 
stant). Ice water immersion of rab- 
bits. Oral temperature offers esti- 
mate of the rectal temperature. 
Cork collar adds protection against 
drowning. 
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TABLE 1 
SUMMARY OF TONOMETRIC (SCHIOTZ) DETERMINATIONS OF INTRAOCULAR PRESSURE 


No. Eyes 


Temperature 


ww 
He He He He He HE 


* Mean +S.D. 


corresponding intraocular pressures obtained 
before and during the progress of hypo- 
thermia are summarized in Table 1 and 
Figure 2. Data thus obtained within 1.5°C. of 
the tabulated temperatures were averaged 
for analysis. Intraocular pressure decreased 
from a normothermic average of 21 mm. 
Hg to 11.5 mm. Hg at 20.0°C. When plotted 
as a logarithmic function, the intraocular 
pressure fell exponentially with the decline 
in rectal temperature (fig. 3). There was a 
50% decrease in pressure for every 20.5°C. 
fall in temperature. By extrapolation, the 
intraocular pressure approaches episcleral 
venous pressure at about 15°C. This process 
shows a temperature coefficient, Qio, of 1.4. 


24 


Intraocular Pressure (mm.Hg.) 


i | iL 


24 20 
Temperature °C. 


Fig. 2 (Pollack, Becker and Constant). Fall in 
intraocular pressure with fall in rectal temperature 
(linear plot). 


Scale Units* 


Intraocular Pressure* 


(mm.Hg) p (vs. 39.5°C.) 


0.7 

0.05 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 


Tonographiec data from 11 rabbit eyes in 
the normothermic and the hypothermic states 
are tabulated in Table 2. The facility of out- 
flow decreased from 0.37 »1/min./mm. Hg 
in the normothermic rabbit (Cy) to 0.24 
pl/min./mm. Hg in the hypothermic rabbit 
(Cy) at 19.1°C. However, this change could 
be entirely accounted for by the increased 
viscosity of water at this lower temperature. 
Thus appropriate adjustments to 39.5°C. for 
this viscosity change (C,;,) are included in 
Table 2 for comparison. From these data 
aqueous flow was calculated to be decreased 
(AF) by an average of (mean + S.D.) 
88+ 6.8 percent following hypothermia. 
Typical tonograms are shown to illustrate 
the tonographic tracing obtained from an 
eye of a rabbit in the normothermic state 
(40°C.) and from the same eye under hy- 
pothermia (20°C.) (fig. 4). 

Perfusion experiments confirmed the de- 
crease in outflow facility that was observed 
during tonographic studies of hypothermic 
rabbits (table 3). The facility of outflow ob- 
tained by perfusion in vivo of 14 hypother- 
mic rabbit eyes was 0.24 + 0.08 (mean + 
S.D.) and agreed well with the facility of 
outflow obtained by perfusion in vitro 
(0.23 + 0.06) and by tonography (0.24 + 
0.08). 

The facility of outflow during hypother- 
mia changed by an amount that appeared to 
be entirely accounted for by variations in 
the viscosity of water with temperature. One 
could calculate flow rates from the intra- 
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TABLE 2 


COMPARISON OF INTRAOCULAR PRESSURE AND FACILITY OF OUTFLOW IN NORMOTHERMIC 
AND HYPOTHERMIC RABBITS AS DETERMINED BY TONOGRAPHY 


Normothermia Hypothermia 
Rabbit 
Tempera- 


P, =Intraocular pressure in the normothermic rabbit eye (mm.Hg) 
Cy =Facility of outflow in the normothermic rabbit eye (ul./min./mm.Hg) 
P, =Intraocular pressure in the hypothermic rabbit eve (mm.Hg) 
Cu=Facility of outflow in the hypothermic rabbit eye (ul./min./mm.Hg) 
Cyis =Facility of outflow in the hypothermic rabbit eye adjusted to 39.5°C. for viscosity changes (ul./ 
min./mm.Hg) 
AF °% =Percent change in aqueous flow 


(P:—9)Cy —(P, —9)Cy 
=100 
(P; —9)Cy 


ocular pressure data summarized in Table 1.  ponentially with the fall in rectal tempera- 
This rate of flow, expressed as a percent of ture (fig. 5). For every 7°C. fall in tem- 
the control value, was found to fall ex- perature the flow rate was halved. 


TABLE 3 
FACILITY OF OUTFLOW UNDER HYPOTHERMIA AS ESTIMATED BY PERFUSION OF RABBIT EYE 


In Vivo In Vitro* 


Temperature °C. 


Co = GO = 


eS 


.19 
33 


3 


Mean 21. .35 
S.D. 
Po=Intraocular pressure in the cannulated eye. 
Cyis =Facility of outflow adjusted to 39.5°C. for viscosity. 
Cu =Facility of outflow in the hypothermic rabbit eye. 
* At temperature 20°C. 


ture °C, ture °C, Cris AF% 
32 0.D. 39.5 25.5 0.50 16.5 13.0 0.23 0.39 — 89 
ery 32 OS. 39.5 23.5 0.38 16.5 12.0 0.30 0.50 — 84 
eas P16 O.D. 39.0 23.5 0.42 18.0 14.5 0.24 0.38 — 78 
a P16 OS. 39.0 21.5 0.31 18.0 12.5 0.19 0.31 — 83 
ae P13 O.D. 39.5 23.0 0.33 19.0 12.0 0.23 0.36 — 85 
al P13 OS. 39.5 25.5 0.34 19.0 10.0 0.21 0.33 — 9% 
a P15 O.D. 40.0 17.5 0.34 20.0 8.0 0.31 0.47 —100 
a P15 OS. 40.0 18.0 0.37 20.0 11.0 0.23 0.35 — 86 
lk 31 O.D. 40.0 17.0 0.40 21.0 100 0.25 0.30 — 92 
> 31 OS. 40.0 23.0 0.45 21.0 11.0 0.26 0.31 — 92 
P14 OS. 39.5 2.5 0.20 21.0 11.0 0.23 0.34 — 80 
Ea Mean 39.5 21.9 0.37 19.1 11.4 0.24 0.37 — 88 
: S.D. 3.4 0.08 1.7 0.04 0.07 + 6.8 
4 
Cu Cu Cu Cote 
os 15.0 0.13 0.23 0.17 0.26 
a 16.5 0.22 0.36 0.15 0.23 
a 19.5 0.19 0.29 0.25 0.38 
21.0 0.24 0.36 0.30 0.46 
of! 21.0 0.42 0.61 0.29 0.44 
<a 21.0 0.29 0.43 
" 22.0 0.19 0.28 0.22 0.34 
22.0 0.25 0.36 
22.0 0.32 0.46 
23.0 0.33 0.50 
ae 23.0 0.15 0 
4 23.0 0.23 0 
“2 24.0 0.13 0 
ee 24.0 0.24 0 
0.23 0.35 
0.06 0.09 
AM 


Qio = 1.4 
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t, =20.5°C. 


CONSTANT 


Fig. 3 (Pollack, Becker and Con- 
stant). Fall in intraocular pressure 
with fall in rectal temperature 
(semi-log plot). For every 20.5°C. 
fall in temperature the pressure de- 
creases 50 percent. The temperature 
coefficient, Qi, is 1.4. 


@ 
Temperature °C. 


Intraocular Pressure (mm. Hg.) 


Discussion 

A progressive decrease in intraocular 
pressure is found to occur with a fall in the 
rectal temperature of rabbits (table 1). The 
exponential plot for this process reveals a 
straight line whose slope suggests a 3.4% 
fall in pressure per degree centigrade de- 
crease in temperature (fig. 3). It is inter- 
esting to note that a similar, though faster 
(5.6 percent/°C.), fall in cerebrospinal fluid 
pressure has also been observed."* The first 
significant decline in intraocular pressure is 
observed at 33°C. (p = .05). Other investi- 
gators studying the effect of hypothermia 


on physiological functions have noted simi- 
larly that the initial fall below the control 
value occurs between 32° and 35°C. ***-"* It 


Fig. 4 (Pollack, Becker and Con- 
stant). Tonographic tracings of 
rabbit eyes before (upper) and af- 
ter (lower) hypothermia. Intraocu- 
lar pressure is reduced from 18 mm. 
Hg to 11 mm. Hg and facility of 
outflow falls from 0.37 w1/min/ 
mm. Hg (Cx) to 0.23 pl/min./mm. 
Hg (Cu). Facility of outflow under 
hypothermia adjusted for viscosity 
change (Cvis) would be 0.35 
min./mm. Hg. 


has been suggested that this delay is due to 
shivering occurring during the induction 
period. 

Tonographic data (table 2) reveal a fall in 
intraocular pressure from 21.9 mm. Hg in 
the normothermic state to 11.4 mm. Hg 
under hypothermia (average temperature of 
19.1°C.). The facility of outflow falls from 
a mean value of 0.37 yl/min./mm. Hg in 
the normothermic animal to 0.24 /min./ 
mm. Hg in the hypothermic animal. Per- 
fusion erperiments further confirm the de- 
crease in outflow facility during hypother- 
mia. When the values for the facility of 
outflow in the hypothermic animal are ap- 
propriately adjusted for viscosity changes, 
the adjusted facility has a mean value of 

40.0°C 


Cy * 0.357 7.5 wt. 


20.0°C 8-110 Cn 70.23 5.5 wt. 
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Fig. 5 (Pollack, Becker and Constant). Fall in 
rate of aqueous flow (expressed as a percentage of 
the control value) with decrease in rectal tempera- 
ture (semilog plot). Temperature is halved every 
7°C. fall in temperature. The temperature coefficient 
(Qw) is 28. 


0.37 u1/min./mm. Hg and is not statistically 
different from the value for the 
normothermic rabbit (tables 1 and 2). 


mean 


From tonometric measurements of rabbit 
eyes during hypothermia aqueous flow is 
calculated to be approximately 50 percent of 
the control value when the rectal tempera- 
ture is 29.5°C. (fig. 5). At 19°C, there is an 
83% decrease in flow which further con- 
firms the decrease in flow that is found by 
tonography (88 percent at 19.1°C., table 2). 
The temperature coefficient, Qo, of this proc- 
ess is 2.8. An Arrhenius temperature plot 
reveals an exponential relationship between 
the fall in flow rate and the reciprocal of the 
absolute temperatures ; the activation energy, 
E, being about + 18,000 This 
figure is similar to the activation energy de- 
scribed by Blatteis*® for glomerular fil- 
tration rate (below 25°C., E = +16,958 
cal./mol.), renal plasma flow (E = +19,708 
cal./mol.), and tubular excretion of para- 
aminohippurate (PAH) (E = +18,250 
cal./mol.) ; and by Page’* for tubular ex- 
cretion of PAH (Qyo = 3.62, E = +23,540 
cal./mol.). 

The flow data for 18.5°C. (fig. 5) does 
not fall on the line. This may be due to 


cal./mol. 
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many complicating factors that may occur 
in the deeply hypothermic animal including 
poor respirations, hypoxia, and circulatory 
changes. Other sources of error include the 
possibly of less accurate interpretation of 
tonometer readings as well as alterations in 
scleral rigidity and corneal indentation with 
tonometry under hypothermia. 

It would appear that cold exerts a de- 
pressant action upon the ciliary body re- 
sulting in a fall in aqueous secretion. The 
mechanism for this, however, can only by 
speculated upon at the present time. It is 
conceivable that a reduction in ciliary body 
blood flow contributes to a depression in 
aqueous secretion. Such a reduction might 
follow in the wake of the fall in arterial 
blood pressure, the decrease in cardiac out- 
put, and the increase in blood viscosity which 
occur during hypothermia.? A possible rise 
in vascular resistance in the ciliary body 
would further decrease blood flow and com- 
plete a picture that is quite similar to that 
which has been suggested to explain the re- 
duction in renal blood flow during hypother- 
18 Direct inhibition by cold of enzy- 
responsible for aqueous 
secretion may be an important factor. Pa- 


mia. 
matic processes 
ralysis of certain renal tubular transport 
(for example, glucose reab- 
soption) during hypothermia have already 
been demonstrated.** The relationship of a 
depressed central nervous system" to ciliary 
body secretion must also be considered and 
needs to be investigated. 


mechanisms 


Turnover studies of various substances in 
the hypothermic rabbit are in progress and 
may shed new light on the transport mecha- 
nism of the ciliary body. Studies of the 
ciliary body architecture during hypother- 
mia are completed and offer additional data 
for reconstructing the process of aqueous 
secretion. It is hoped that immersion hy- 
pothermia may prove a valuable adjunct for 
the study of aqueous humor dynamics. 


SUMMARY 
Intraocular pressure fell logarithmically 
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with decline in rectal temperature during 
immersion hypothermia in rabbits. The first 
significant fall appeared at 33°C. and the 
pressure was halved for every 20.5°C. fall 
in body temperature thereafter. The temper- 
ature coefficient (Qo) of this process was 
found to be 1.4. 

A decrease in the facility of outflow oc- 
curred during hypothermia as demonstrated 


by tonography and perfusion in vivo and in 


vitro. However, this fall could be entirely 
accounted for by the changes in viscosity of 
water with temperature. 

Aqueous flow decreased 80 to 90 percent 
at 19°C. as estimated by comparative ton- 
ometric and tonographic studies of normo- 
thermic and hypothermic rabbits. For every 
7°C. fall in body temperature, the flow rate 
was halved. 

640 South Kingshighway (10). 
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DISCUSSION 


Dr. E. J. BALLINTINE (Cleveland): How do you 
correct the coefficient of outflow for change in vis- 
cosity in the intraocular fluid ? 

Dr. PottackK: One can determine, from tables 
that have already been calculated, the changes in 
viscosity that can be expected of the fluids at vari- 
ous temperatures. 

Dr. BALLINTINE: I know that, but how do you 


apply this to the coefficient of outflow ? 

Dr. Potiack: By multiplying with the coefficient 
that you use. 

Dr. BALLINTINE: In other words, you assume 
that the coefficient of outflow is proportional to the 
viscosity ? 

Dr. Pottack: No. If one takes the facility of 
outflow at this lower temperature and uses this fac- 


iz 

tae 

a 


tor, one finds that the change in facility of outflow 
can be entirely accounted for by the change in vis- 
cosity of the fluids. 

Dr. BALLINTINE: I want to know how you apply 
Poiseuille’s law to this situation. I presume that is 
the way you do it, but I would like to know the de- 
tails if they are available. It is not apparent to me 
just how you do it. 

Dr. Becker: If the difference between viscosity 
of water at 25°C. and 39.5°C is a difference of 30 
percent, then one can take the outflow facility at 
25°C. and multiply it by 1.3 and compare this with 
the 39.5°C. reading. 

Dr. BALLINTINE: In other words, the amount of 
fluid transmitted is inversely proportional to the vis- 
cosity ? 

Dr. Becker: This is the assumption Dr. Grant 
used in correcting the room temperature perfusions 
back to body temperature for comparison. 

Dr. BALLINTINE: And you assume the transmis- 
sion is inversely proportional to viscosity ? 

Dr. Becker: Facility is inversely proportional to 
viscosity. 

Dr. BALLINTINE: How do you know that the vis- 
cosity coefficient of aqueous humor with tempera- 
ture is the same as it is for water? 

Dr. Becker: It is the viscosity of water that is 
used, You don’t know it, but for the purposes of 
this sort of study the errors by making this assump- 
tion are likely to be very small. 

Dr. BALLINTINE: The second question: From the 
good correlation that you presented, I presume that 
the scleral rigidity is not changed by temperature. 
That is the assumption here, and yet when the vis- 
cosity of water changes I would think the elastic 
properties in the sclera would change by a similar 
amount. 

Dr. Becker: If these changes occur, they are 
apparently compensated or are not of significant 
magnitude to effect the measurement. 

Dr. BALLIntTINE: That is what I would like to 
know. Do they change? It seems incredible that the 
tissue would maintain the same elasticity at this 
temperature. In other words, the rabbit becomes 
stiff, and I see no reason why the sclera would not 
get stiff, too. Apparently it does not. 

Dr. Becker: There are several possibilities. One 
is that changes may occur and be compensated. A 
second is that they may occur but be of insufficient 
magnitude to be measured. Third, they might occur 
in some exponentials. I don’t know how to distin- 
guish among these at the present time. 

Dr. BALLINTINE: You could measure the coefti- 
cient of scleral rigidity simply by taking the meas- 
urement of the eye 

Dr. Becker: Dr. Grant may have some data on 
this. Morton, does it make any difference whether 
you measure scleral rigidity at 20°C. or at 37°C.? 

Dr. W. Morton Grant (Boston): Unfortunately 
I haven’t determined that yet. I have had it in mind 
to do. 

The question about the variation of facility of 
outflow with temperature in perfused enucleated 
eyes I have investigated experimentally, and I find 
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that the facility of outflow varies inversely with 
the viscosity of saline. | wonder whether it has been 
determined that the viscosity of blood varies in the 
same manner as the viscosity of water or saline 
with temperature. 

Dr. Becker: That is well known. Viscosity of 
blood varies very much more with temperature than 
does that of saline, particularly in vivo, because in 
vivo one has multiple factors that determine vis- 
cosity. 

In the first place, there is hemoconcentration in 
vivo. Besides that, even in vitro blood viscosity 
changes very much more than water does. This 
may be a mechanism by which blood supply is re- 
duced to the ciliary body. 

Dr. Grant: Your nice results rather suggest that 
the blood in the outflow channels can’t occupy a 
very large proportion of the channels or else facility 
of outflow would become less. 

Dr. Becker: Yes, unless again we are dealing 
with compensating errors, as Dr. Ballintine points 
out. The facility of outflow as measured is less, 
and we can explain this on the basis of viscosity 
changes of water; but there are other possible ex- 
planations, too. 

Dr. Maurice E. Lancuam (Baltimore): I 
would like to ask Dr. Pollack three questions. 

First, was the blood pressure of these experi- 
mental animals measured and if so what was the 
effect of falling temperature on the blood pressure. 

Secondly, have you investigated the effect of hy- 
pothermia on the ascorbic acid transfer into the 
aqueous humour as this could give one some idea of 
the changes of blood flow through the eye. 

Thirdly, have you measured the changes of intra- 
ocular pressure when cold fluid is applied directly 
to the surface of the eye? In this connection, I have 
recently observed that if ice cold saline is dripped 
on the cornea, the temperature of the aqueous can 
be brought down to below 10°C. within a minute or 
two and that under these conditions the intraocular 
pressure increases by 3.0 to 4.0 mm. Hg. 

Dr. PoLtack: In answer to your first question, 
there is not entirely good agreement that the blood 
pressure in dogs does fall with fall in body temper- 
ature. 

Several investigators have stated that blood pres- 
sure does not change significantly, especially in the 
early period of lowering body temperature. One of 
the reasons postulated for this is that although car- 
diac output decreases during hypothermia, the vas- 
cular resistance increases. However, at some point 
vascular resistance in the body does decrease and 
with it there is a concomitant fall in blood pressure. 

Studies in the dog that we have done show that 
the systemic blood pressure is maintained even after 
intraocular pressure has begun to fall. It is true, 
however, that soon the blood pressure does fall and 
the intraocular pressure continues to decrease. 

In answer to the last question, yes, we have done 
a few preliminary studies of dropping ice water on 
corneas in a few patients and rabbits. The patients 
on whom we have done this had uncontrollable glau- 
coma and Schigtz pressures were taken in effort to 
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determine any possible drop in intraocular pressure. 
Our results, however, were of limited success 


This may have been due to the fact that we were 
not efficiently cooling the site—or the blood to the 


site—of secretion in the eye. 

Dr. Becker: | would like to answer the other 
question and would like to comment on the blood 
pressure question, too. 

In the first place, if blood pressure fell (and it 
does fall), this would produce a sudden effect on 
intraocular pressure. Then one would develop a new 
steady state, and pressure should not be altered. 

These animals were maintained hypothermic for 
six or eight hours, and maintained a steady state. 
If there are blood pressure effects this is not what 
we are measuring at this late time. When you press 
the carotid you get a fall in intraocular pressure, 
but the pressure comes back up even if the carotid 
is occluded. 

On the other hand, the effect may be dependent 
on blood flow, as has been postulated in the kidney. 
Much of the impaired kidney function may be 
due to reduction in blood flow to the kidney. For 
the eye, we would like very much to use the Linnér 
method for measuring blood flow. Unfortunately 
we run into the same problems as in trying to use 
the para-aminohippurate method for measuring 
renal blood flow in the hypothermic animal. The 
transport of both ascorbate and para-aminohippu- 
rate are impaired by hypothermia so the methods 
are not useable. 

The third point, about cold water on the eye, is 


INTRODUCTION 


The ultrastructure of the ciliary epi- 
thelium of normal and acetazolamide treated 
rabbit, monkey and human eyes has been 
described.*** Remarkable changes in the epi- 
thelium were observed to accompany the 
alterations in rate of secretion of aqueous 
humor. 


*From the Departments of Ophthalmology and 
Anatomy and the Oscar Johnson Institute, Wash- 
ington University School of Medicine. This invest- 
igation was supported in part by a research grant, 
B-621, from the National Institute of Neurological 
Diseases and Blindness of the National Institutes of 
Health, Public Health Service. 

t Fight for Sight Fellow of the National Council 
to Combat Blindness. 
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reminiscent of why Diamox does not act when you 
drop it on the eye. The ciliary body has a tremen- 
dous bleed supply, and it is coming in at 39°C. and 
flowing through reasonably rapidly. 

Dr. Wouter: I remember giving a white rabbit to 
my children last summer to play with—which they 
exposed to cold water. The rabbit died shortly after 
just from being all wet and cold. 

I wonder whether the reaction of your rabbits to 
the cold water can be understood as something like 
a collapse or an early phase of death. Did the rab- 
bits survive ? 

Dr. Pottack: Yes. In our experiments rabbits are 
used throughout the procedure. Many of these rab- 
bits will live. In some of the experiments after 
working with rabbits under hypothermia, they were 
placed back in their cages where they survived sev- 
eral days. 

\lso, these rabbits aren't just dipped in water, as 
your rabbit might have been. Ours are given a gen- 
eral anesthetic and are asleep. It is true that some- 
times anesthesia is necessary until cold narcosis 
takes over. Cold narcosis usually takes over at about 
30°C., after which time you don’t need any more 
anesthesia. 

So, the rabbit isn’t really awake much of the time, 
and sometimes not at all. On occasion we don’t 
have to give the rabbit a booster dose. 

Dr. Wo ter: I thought they might have actually 
been in the early stage of dying. 

Dr. Becker: There is a close relationship be- 
tween hypothermia and death. 


Recently systemic hypothermia in rabbits 
has been demonstrated to reduce the rate of 
formation of aqueous humor." The secretory 
rate was found to decline exponentially with 
fall in rectal temperature, so that at 27°C. it 
was approximately 50 percent of normal, 
and at 20°C. it was reduced to some 10 to 
20 percent of normothermic levels. Similar 
degrees of suppression were measured by 
both tonographic and turnover studies. The 
present study was undertaken to evaluate the 
fine structure of the ciliary epithelium when 
secretion of aqueous humor was decreased 
by systemic hypothermia, and to compare 
the changes with those observed following 
acetazolamide administration. 
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(Holmberg and Becker) 
(right). Note 


Fig. 1 
hypothermic rabbit 
(«540.) 


MATERIAL AND METHODS 
Immersion techniques were used to cool 
the animals, as described previously.’ Ten 
eves from six albino rabbits were examined, 
including two control eyes, two eyes at 27°C. 
20°C. 
copy parts of the ciliary body were fixed in 


and six eyes at For light micros 
formalin, embedded in paraffin, sectioned at 
5.0 uw, and stained with various techniques. 
For electron microscopy parts of the ciliary 
body from the same eyes were fixed in os 
mium solution for two hours, dehydrated and 
embedded in methacrylate, according to tech 
niques routinely used in electron micros- 
copy. Sections were cut on a Porter-Blum 
microtome and examined in RCA EMU 2e 
microscope. 
RESULTS 


A. LIGHT MICROSCOPIC APPEARANCE OI 


CILIARY EPITHELIUM DURING HYPO- 


THERMIA 

During hypothermia at 20°C. a consider- 
able reduction in the size of the cells in the 
pigment layer was observed (fig. 1). In 
some areas of the ciliary epithelium this 


layer measured only 1.0 » in thickness, while 
measured 4.0 to 
6.0 u. No other specific differences between 
hypothermic 


in the normal animals it 


normothermic — and ciliary 
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Light micrographs of the ciliary epithelium in normal (left) and 
marked reduction in size of pigmented layer during hypothermia. 


bodies were observed with the light) 


croscope, 


APPEARANCE OF 
HYPO- 


B. ELECTRON MICROSCOPIC 


THE CILIARY EPITHELIUM DURING 


THERMIA 

The decrease in size of the pigment epi- 
theluim was also recognized in the electron 
microscope. In addition, interesting changes 
in the fine structure of the epithelium were 
observed during hypothermia. These con- 
sisted of a thickening of the mitochondria 
and a definite increase in the number. of 
small vesicles in the cytoplasm. 

1. Mitochondria. Table 1 the 


estimated width of the mitochondria in the 


sumarizes 


ciliary epithelium at 27°C. and 20°C. com- 
pared with the normothermic and acetazola- 
mide-treated rabbit. During hypothermia a 
remarkable and_ statistically significant in- 
the 
both epithelial layers was noted. The mito- 


crease in size of the mitochondria of 
chrondria of the nonpigmented layer were 
increased to a greater extent than that of the 
pigmented layer. As can be seen in Figures 
2 and 3 the alterations in mitochondria took 
place without change in the normal density 
of the mitochondrial matrix. The fine struc- 
ture of the mitochondria demonstrated no 
changes whatsoever as to appearance, size 
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Fig. 2 (Holmberg and Becker). Part of a nonpigmented cell of ciliary epithelium from a normal rabbit 
pe = posterior chamber. m = mitochondria ( x 33,000.) 


Fig. 3 (Holmberg and Becker). Mitochondria (m) in a nonpigmented cell of ciliary epithelium from 
a rabbit during hypothermia at 20°C. Although the mitochondria has increased in size, the staining 
density of the mitochondrial matrix is the same as in normal material. Compare with Figure 2. 


(x 35,000.) 
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HYPOTHERMIA ON AQUEOUS HUMOR 


Fig. 4 (Holmberg and Becker). Part of a nonpigmented cell of ciliary epithelium from a rabbit during 
hypothermia at 20°C. Note the large number of vesicles in the cytoplasm. pe = posterior chamber. Com- 


pare with Figure 2. ( x 26,500.) 


and composition of the outer and inner mem- 
branes. 
2. Vesicles 


scribed in the ground substance of the cyto- 


Small vesicles have been de- 


plasm of both layers of the normal ciliary 
epithelium.* During hypothermia at 27°C. 
and 20°C. the number of these vesicles was 
increased considerably (figs. 4 and 5). Al- 
though the increase occurred in both layers, 
the accumulation of vesicles was more pro- 
nounced in the nonpigmented epithelium 


(table 2). Close to the posterior chamber 
surface of the nonpigmented cells during 
hypothermia, the vesicles tended to become 
arranged in rows in a regular fashion (fig. 
5). This occurred more frequently at 20°C. 


and especially after prolonged hypothermia. 


Besides the accumulation of vesicles ob- 
served in both layers, one occasionally en- 
countered large vacuoles in the basal part of 
the pigment epithelium (fig. 6). They oc- 
cupied comparatively large areas and in 
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Fig. 5 (Holmberg and Becker). Part of a nonpigmented cell of ciliary epithelium from a rabbit under 
hypothermia at 20°C. Next to the surface of the cell (pe = posterior chamber) the vesicles are arranged 
in rows. ( <42,000.) 

Fig. 6 (Holmberg and Becker). Part of a pigmented cell (pe) of ciliary epithelium from a rabbit under 
hypothermia at 20°C. A large vacuole (va) containing granular material is visible. npe = nonpigmented 
epithelium. (x 36,000.) 
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TABLE 1 


ALTERATIONS IN THICKNESS OF THE MITOCHONDRIA 
IN RABBIT CILIARY EPITHELIUM 


Thickness* 
Treatment Pigment 


Nonpigmented 
Epithelium 


Epithelium 
Normal 
Acetazolamide? 
Hypothermia 27°C. 
Hypothermia 20°C. 


* Mean +SEM. 


0.18+0.005 0.17+0.006 
0.26+0.008 0.16+0.006 
0.30+0.029 0.22+0.007 
0.29+0.016 0.22+0.014 


some instances they seemed to be formed by 
enlargement of the light central space of the 
g-cytomembranes.* In other instances they 
were located between two adjacent pig- 
mented cells. The large vacuoles contained 
granular material. 
Discussion 

Hypothermia and carbonic anhydrase in- 
hibitors offer two different methods by 
which the secretion of aqueous humor can be 
partially inhibited. The effects of acetazola- 
mide on the ciliary epithelium have been an- 
alyzed previously. It found that 
acetazolamide produced an increase in the 
thickness of the mitochondria and an ac- 
cumulation of small vesicles in the rabbit 


was 


nonpigmented epithelium. It is most inter- 
esting to note that hypothermia produced 
much the same changes in the nonpigmented 
layer. There are small differences however. 
Hypothermia has a more marked effect on 
the size of the mitochondria (table 1), but 
produces less dramatic accumulation of vesi- 
cles than (table 2). 
Furthermore hypothermia affects the pig- 
mented as well as the nonpigmented layer, 


follows acetazolamide 


whereas the acetazolamide effects are con- 
fined entirely to the nonpigmented epithel- 
ium. These findings are in accord with the 
more specific effects of carbonic anhydrase 
inhibitors on the ciliary epithelium and the 
more generalized metabolic effects of tem- 
perature depression. 

It should be emphasized that the altera- 
tions observed in the mitochondria do not 
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TABLE 2 


THE FREQUENCY OF VESICLES IN THE RABBIT 
NONPIGMENTED CILIARY EPITHELIUM 


Number* of Vesicles 
per 0.05y? 


Treatment 


Normal 

Acetazolamide 15 min.* 
Hypothermia 27°C. 
Hypothermia 20°C. 


0.79+0. 
2.85+0.2 
1.5120. 
1.74+0.: 


* Mean +SEM. 


resemble the clearing of the ground sub- 
stance as seen in simple swelling or delayed 
fixation. In the present as well as in the 
acetazolamide-treated material, all muto- 
chondria show a ground substance with an 
osmiophilic staining density similar to that 
of normal mitochondria. 

The physiologic interpretation of the mor- 
phologic changes observed in the ciliary epi- 
thelium remains speculative at present. Al- 
terations in size of mitochondria suggest 
metabolic changes in the secretory cells and 
appear to correlate with functional status. 
Cytoplasmic vesicles of the rabbit nonpig- 
mented epithelium appear to increase during 
hyposecretion induced by a variety of meth- 
ods. These changes may relate to a possible 
role of pinocytosis in aqueous secretion. The 
functional significance of the changes in the 
rabbit pigmented epithelium during hypo- 
thermia remains obscure and is the subject 
of current investigation. 


SUMMARY 

The decrease in the rate of aqueous hu- 
mor secretion induced by systemic hypo- 
thermia in rabbits was found to be associ- 
ated with changes in the fine structure of the 
ciliary epithelium. The alterations in the 
nonpigmented epithelium resembled those 
following acetazolamide administration, con- 
sisting of increased size of the mitochondria 
and accumulation of cytoplasmic vesicles. In 
contrast to the absence of alterations in the 
pigmented epithelium of the rabbit eye fol- 
lowing carbonic anhydrase inhibition, hypo- 
thermia resulted in a reduction in the size of 
the cells, thickening of the mitochondria, 
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and an increased vesiculation of the cyto- 
plasm of this layer. 
640 South Kingshighway (10). 


AKE HOLMBERG AND BERNARD BECKER 


ACKNOWLEDGMENT 


The sections for light microscopy were prepared 
by Dr. Johannes Rohen. 


REFERENCES 


1. Pollack, I. P., Becker, B., and Constant, M. A 


.: The effect of hypothermia on the aqueous humor 


dynamics: I. Intraocular pressure and outflow facility of the rabbit eye. Am. J. Ophth., 49: 1126/40 (May, 


Pt. 1960. 


2. Holmberg, A.: Changes in the ultrastructure of the ciliary epithelium during inhibition of the secre- 
tion of aqueous humor. Proc. Stockholm Conf. Electron Microscopy, 1956. 

3. : Ultrastructural changes in the ciliary epithelium following inhibition of the secretion of 
aqueous humor in the rabbit eye. Theses, Karolinska Institutet, Stockholm, 1957. 

4 : Ultrastructure of the ciliary epithelium. A.M.A. Arch. Ophth., in press. 

5. Pappas, G. D., and Smelser, G. K.: Studies on the ciliary epithelium and the zonule. Am. J. Ophth., 


46 :299 (Nov. Pt. IT) 1958. 


DISCUSSION 


Dr. Worter (Ann Arbor): One of the classic 
changes seen in prolonged hypotonia—for example 
following a fistula of the cornea—is the appearance 
of clear vacuoles in the nonpigmented layer of the 
ciliary body epithelium. This has been produced in 
animal experiments, I believe, by Dr. Rohen who 
now works with you in Saint Louis. I wonder 
whether the vacuoles which you found after hypo- 
thermia are anything like those in hypotonia. 

Dr. WERNER NoeELt (Buffalo): Dr. Holmberg, 
I was puzzled by your differentiation between 
growth and swelling of the mitochondria. I wonder 
whether you could give me a justification for your 
use of the word “growth.” 

My second question is related to this. I wonder 
whether you tested isolated mitochondria. I ask this 
with regard to the studies by Hunter, et al. (J. Biol, 
Chem., 234:2176, 1959) on the swelling of isolated 
mitochondria relative to the activities of the elec- 
tron transport chain. 

Dr. Hotmserc: First I will comment on Dr. 
Wolter’s remarks. I think we are dealing with two 
different conditions. The changes you are talking 
about occur in hypotony after paracentesis of the 
eye. 

The condition I am talking about is hyposecretion, 
and I think it is something entirely different. We 
certainly don’t see any large vesicles after hypo- 
thermia. 


What we can say about the electron microscopic 
appearance of the mitochondria is that there is an 
increase in size but no change in the density of the 
ground substance. This is what we see. 

I know nothing about the effect of hypothermia 
on isolated mitochondria. Nothing has been done 
on it. 

The mitochondria swell postmortem but this 
swelling is accompanied by a loss or clearing of the 
ground substance. Under hypothermia the mito- 
chondria also swell but the density of the ground 
substance remains normal. The difference is very 
obvious. 

Dr. Noett: Do you imply that more ground sub- 
stance was formed? 

Dr. Hotmperc: If the swelling were due to an 
uptake of water only I would expect to get a de- 
crease or clearing of the ground substance. 

Dr. Noet: I am in no position to know but does 
not the increase in size and electron density mean 
that somehow there is more osmium bound per mi- 
tochondrion ? 

Dr. HotmpBerc: Yes that is what we see. 

Dr. Noe: 
growth. 

Dr. Hotmperc: I used the word “growth” in op- 
position to the simple swelling we see, for instance 
in postmortem changes of the mitochondria 


I would be skeptical that that is 


VERGENCE AND ACCOMMODATION* 


IV. Errect OF LUMINANCE QUANTITY ON THE AC/A 


Matuew AcpPern, Pu.D., anp Bertit F. Larson, M.D. 
Ann Arbor, Michigan 


INTRODUCTION 


The human eye has an extremely facile 
focusing adjustment which allows for clear 
vision of objects at various distances. In 
previous studies it has been shown that the 


extent the eye is capable of varying its 


*From the Department of Ophthalmology, The 
University of Michigan Medical School. Assisted 
by a grant from the Institute of Industrial Health, 
The University of Michigan. 
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VERGENCE AND 
focus in order to see objects at close dis- 
tances, that is, its amplitude of accommoda- 
tion, is dependent upon the background 
luminance of the object of regard."** As the 
background luminance level is gradually re- 
duced the amplitude of accommodation be- 
comes smaller. The phenomenon, so-called 
“night presbyopia,” has been known for 
some time** but only a comparatively few 
precise studies have been made of it. Figure 
1 illustrates the mean of the measurements 
made on four young adult male observers. 
These data were obtained by measuring the 
accommodation response to the entire gamut 
of accommodation stimuli at a number of 
different All of these 
measurements were made through a two- 
mm. artificial pupil centered before the ob- 


luminance levels. 


server's eye. This represents a lower limit 
of natural pupil size and thus results in the 
figure cannot be attributed to such factors as 
variation in spherical aberration and optical 
or perceptual variation in depth of field. 
The data can only be explained as a real 
decrement in the ability of the eye to vary 
its dioptric power as the visibility of the 
target against its background is reduced.! 

In order to learn as much as possible 


MEAN DATA 
FOUR OBSERVERS 


REDUCTION OF ACCOMMODATION AMPLITUDE DIOPTERS 


20 
LOG RETINAL ILLUMINANCE —- TROLANDS 


Fig. 1 (Alpern and Larson). The reduction of the 
amplitude of accommodation in four subjects as a 
function of the retinal illuminance. The accommo- 
dation response was determined over the entire ga- 
mut of accommodation stimuli at a variety of differ- 
ent luminance levels, with a subjective optometer.’ 
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about this effect it seemed desirable to com- 
pare it to two other situations in which the 
amplitude of accommodation is reduced: (a) 
cycloplegia and (b) the normal process of 
aging. 


While these latter two situations have 


many characteristics in common they differ 


in the way two concomitant variables 
(that is, the size of the pupil and the AC/A 
ratio) change as the amplitude of accom- 
modation is reduced. 

In the normal process of aging the reduc- 
tion of the amplitude of accommodation is 
related to a progressive decrease in the diam- 
eter of the pupil which enhances the depth 
of field.’ On the other hand, atropine-like 
substances which produce temporary cyclo- 
plegia usually also produce a concomitant 
mydriasis. In this respect reduction of the 
amplitude with the reduction of background 
luminance is much more like a “night cyclo- 
plegia” than a “night presbyopia” since here 
again the reduced amplitude is associated 
with a gradually increasing pupil size. 

In order to pursue this matter further 
the present study was devoted to a con- 
sideration of the way in which the AC/A 
changes with the level of background lumi- 
nance. The AC/A has been defined in a 
previous paper in this series.® It is, theoreti- 
cally, the amount of innervation to accom- 
modation vergence associated with a unit 
change to accommodation. 
Operationally, it is the amount of change in 
horizontal heterophoria associated with a 
unit change in accommodation (provided the 
measurements are made within the range of 
stimulus values within which the relation 
between the accommodation stimulus and its 


in innervation 


response is linear). 


PROCEDURE 

Measurements were made on six normal 
prepresbyopic adult males. The AC/A was 
obtained by measuring the accommodation 
in play and the associated phoria at a num- 
ber of different stimulus levels of accom- 
modation using the haploscope and a pro- 
cedure which has been described in detail in 
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a previous paper." Three measurements of 
accommodation response and phoria were 
obtained at each of five different (1-5D) 
stimulus levels of accommodation. In this 
way the relative positions of the lines of sight 
of the two eyes was determined when the 
eye accommodated different amounts. These 
measurements were then repeated, in sepa- 
rate experimental sessions, at different light 
levels ranging in one-half log steps from 
3.8 X 10? to 0.038 trolands of retinal illumi- 
nance. All data were obtained while the ob- 
server viewed the chart with the right eye 
through a two mm. in diameter artificial 
pupil. The statistical procedures already de- 
scribed® for the determination of the best 
fitting straight line for the data showing the 
phoria values at each accommodation re- 
sponse were employed. 

The test object was a Snellen acuity chart, 
340 cm. from the eye, illuminated by a 300- 
watt tungsten filament lamp mounted in a 
projector. Wratten No. 96 (neutral) filters 
in front of the projector and/or the eye 
were used to vary the light level. The sizes 
of the test letters were varied so that, as the 
luminance of the background decreased, 
letters at the threshold of visibility were al- 
ways in view. The room was carefully 
screened so that stray light from the source 
did not enter the observer’s eye. 


RESULTS 


The relationship between the measured 
horizontal heterophoria and the amount of 
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accommodation in play (over the range of 
accommodation stimuli used for the present 
observers) can for each observer and each 
experimental session be plotted as a sloping 
straight line showing increasing phoria as 
accommodation is increased. If the phoria 
(vergence) is plotted on the abscissa then 
the reciprocal of the slope of this line rep- 
resents the AC/A, while the intercept of the 
line with the abscissa axis represents the 
heterophoria value when the accommodation 
is extrapolated to zero. These two quantities 
(and particularly the AC/A) were the sub- 
ject of the present investigation. However, 
in the process of computing these, two other 
Statistics were obtained from each experi- 
mental session: (a) the rate of change of 
accommodation as the stimulus to accom- 
modation is changed one diopter, and (b) 
the rate of change of horizontal phoria as 
the stimulus to accommodation is changed 
by one diopter (that is, the stimulus AC/A). 
The latter two quantities as measured for 
each observer and luminance level are sum- 
marized in Table 1 and Table 2 respectively. 
The change in accommodation with light 
level (table 1) has already been the subject 
of a recent analysis from this laboratory’ 
and while the results of the present study 
differ in some specific details from the pre- 
vious work, the general features of the two 
sets of data are remarkably similar and the 
conclusions drawn from the previous study 
are substantiated by the present results. The 
change in stimulus AC/A (Table 2) with 


TABLE 1 


THE EFFECT OF TARGET LUMINANCE ON THE EFFECTIVITY OF AN ACCOMMODATION 
STIMULUS TO EVOKE AN ACCOMMODATION RESPONSE 


B. O. 
N=1 


| 


a 


M. A. 
N=2 


S. K. F. Z. B. L. H. D. 
N=5 N=2 N=3 N=3 M. N. 
68 0.93 1.00 0.79 1.01 0.83 0.79 0.89 Ke 2 
19 0.96 0.98 0.94 1.01 0.80 0.82 0.92 
68 0.84 1.00 0.85 0.92 0.84 0.87 0.89 = 
“19 0.76 0.91 0.88 0.99 0.91 0.74 0.71 
- 68 0.94 0.93 1.12 0.94 0.82 0.74 0.91 us 
.19 0.82 0.95 0.88 0.99 0.76 0.77 0.86 iN 
68 0.81 0.03 0.86 0.54 0.66 0.57 = 
19 0.31 0.99 0.06 1.08 0.89 0.40 0.60 ds 
_ 0.33 0.04 1.22 0.50 0.74 0.55 he 
af 
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TABLE 2 
EFFECT OF LUMINANCE ON THE STIMULUS AC/A (DEGREES/DIOPTER) 


F. Z. 
N=2 


> 


| © 


| 


light level in general follows the same trends 
as the change in the theoretically more im- 
portant (response) AC/A. For these rea- 
sons the discussion which follows will be de- 
voted entirely to the characteristics of the 
sloping straight line which shows the rela- 
tion between phoria and the accommodation 
in play. 

The characteristics of this line as measured 
for each observer at each light level are 
summarized in Table 3 (AC/A) and Table 
4 (phoria). 

Figure 2 illustrates typical results from a 
single session at each light level for one of 
the observers. In this figure the phoria is 
plotted along the abscissa, the accommodation 
response on the ordinate. The data obtained 


Fig. 2 (Alpern and Larson). The 
relation between the accommodation 
and phoria obtained from observer 
F. Z. at a variety of different light 
levels. Each point is a single deter- 
mination, The level of retinal illumi- 
nance (in trolands) at which the 
measurements were made is given 
at the top of each graph. The data 
at the highest level are properly po- 
sitioned on the graph. Those at 
lower levels are shifted five degrees 
farther to the right on the abscissa 
than the measurements made at the 
light level immediately higher than 
the level at which the measurements 
were made. 


ACCOMMODATION- DIOPTERS 
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at the highest luminance level (480 trolands) 
occupies its correct position on the graph. 
The obtained at each successively 
lower light level are shifted five degrees 
farther to the right on the abscissa than the 
luminance level immediately higher. Since 
the reciprocal of the slope of each line rep- 
resents the AC/A at a different light level, 
this figure illustrates the fact that for this 
observer, at least, no very marked change in 


data 


AC/A occurred as the luminance was grad- 
ually lowered. 

Figure 3 illustrates the extent to which 
this is true for each of the observers. Each 
of the graphs in this figure represents a 
plot of the AC/A as a function of the log- 
arithm of the retinal illuminance. Recalling 
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AC/A DEGREES PER DIOPTERS 


LOG RETINAL 


ILLUMINANCE 


Fig. 3 (Alpern and Larson). The response AC/A as a function of retinal illuminance for each of the 


TROLANDS 


six observers studied. The value for N on each graph represents the number of times each experiment 


was repeated. 


that the border line between photopic and 
scotopic levels of retinal illuminance is 
somewhere between 1.0 and 0.1 troland® it 
is clear that for each of the six subjects 
there is no change of AC/A as the retinal 
illuminance is varied over photopic levels. 
This is in spite of the fact that the amplitude 
of accommodation is considerably reduced 
over this same range. While all of the ob- 
servers are reasonably consistent in this ef- 
fect there are individual differences in the 
changes which occur at scotopic levels. It is 
apparent that in some subjects the AC/A 
decreases with further decrease of light level 
below the photopic threshold, while other sub- 
jects show a slight increase. In still others the 
AC/A remains essentially unchanged even at 
these extremely low levels. While the reasons 
for these differences cannot be easily ex- 
plained it is probable that the rather extensive 


variability of the accommodation process at 
these low levels is an important factor.® At 
any rate even in the one or two cases in which 
the AC/A shows an increase at low scotopic 
levels, the magnitude of the change is, in 
each case, quite small. An analysis of vari- 
ance of the data in this figure shows that 
while significant differences (F = 8.02; 5 
d.f.; p< 0.01) exist between observers in 
AC/A the differences in AC/A at different 
luminance levels are not at all significant 
(F = 0.71; 8 d.f.). 

The upper graph of Figure 4 shows the 
mean change in AC/A with retinal illumi- 
nance. On the average there is a slight 
tendency to decrease in AC/A with lumi- 
nance in the scotopic range but it has already 
been emphasized that this difference is not 
significant. 

The lower graph in this same figure shows 
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Fig. 4 (Alpern and Larson). Mean data of the six 
observers in this experiment. The upper figure shows 
the mean data of Figure 3, that is, the response 
AC/A as a function of retinal illuminance. The 
lower graph shows the mean change in the (extrap- 
olated) zero level phoria with luminance. 


the average change in zero level phoria with 
retinal illuminance. Analysis of variance of 
these latter data shows that—contrary to the 
result obtained with the AC/A—while sig- 
nificant differences do not exist in 
level phoria between different observers 
(F = 0.4; 5 d.f.) significant differences in 


zero 


1145/59 


zero level phoria do occur with change 
in retinal illuminance (F = 2.46; 8 d.f.; 
p< 0.05). The lower graph in Figure 4 
shows that on the average decreasing retinal 
illuminance at photopic levels is associated 
with a general trend toward less esophoria; 
at scotopic levels lowering the light level is 
associated with a trend toward increasing 
esophoria. 
DiIscussION 

The results of these experiments clearly 
show that the AC/A does not change sig- 
nificantly with decreasing retinal illuminance 
even though reducing the light level is as- 
sociated with marked losses in the amplitude 
of accommodation. How does this compare 
to two other conditions in which the ampli- 
tude of accommodation is reduced, that is, 
cycloplegia and age? 

When the ciliary muscle is partially para- 
lyzed by the topical application of atropine- 
like substances, not only does the amplitude 
of accommodation decrease but the AC/A 
increases. This result has been obtained by a 
number of independent investigators using a 
variety of different techniques.*°-** Figure 
5 illustrates some typical measurements of 
this kind. The data show the heterophoria 
measurement obtained for different accom- 
modation values on the haploscope. The un- 
filled circles represent the data obtained 
under normal viewing conditions, the AC/A 
being in this case 2.65 + 0.28°/diopter. 
When a cycloplegia (five-percent eucatro- 
pine and one-percent hydroxamphetamine 
instilled in two drops, the second 5 minutes 


TABLE 3 


F. Z. 
N=2 


EFFECT OF LUMINANCE ON THE RESPONSE AC/A (DEGREES/DIOPTER) 
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TABLE 4 


THE EFFECT OF TARGET LUMINANCE ON HORIZONTAL PHORIA WHEN THE ACCOMMODATION 
RESPONSE IS ZERO (EXTRAPOLATED) 


after the first) was topically applied to the 
conjunctival sac of the fixing eye and these 
measurements repeated after the drug had 
become effective, the data represented by the 
filled circles were obtained. It is seen that 
the rate of change of convergence increases 
markedly to about 28.6°/diopter, that is, an 
increase of 10.8 times. The explanation for 
this result is that when a given innervation 
to the ciliary muscle fails to produce the 
anticipated change in the refractive power— 
under the influence of the drug—then 
greater accommodation innervation is ob- 
tained and this increased innervation to the 


12 AR. 

O= normal 

@= unilateral cycloplegia h lateral eye 
x= unilateral cycloplegia contralateral 
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HORIZONTAL PHORIA - DEGREES 

Fig. 5 (Alpern and Larson). The effect of cyclo- 
plegia on the relation of vergence and accommoda- 
tion. The unfilled circles represent data obtained 
under normal viewing conditions; the filled circles 
are measurements made about one hour after the 
instillation of two drops five-percent eucatropine and 
one-percent hydroxamphetamine into the conjunc- 
tival sac of the fixing eye. The crosses represent 
simultaneous measurements of the contralateral 
(non-cycloplegic) eye. 


M. A. 
N=2 


ciliary muscle is characterized by a further 
increase in accommodation vergence. 

In order to prove that this interpretation 
is correct measurements were made of the 
changes in accommodation in the eye in 
which no drug was instilled while its cy- 
cloplegic fellow was fixating. These data are 
illustrated by the x’s in the same figure. 
Because Hering’s law of equal innervation 
to the yoked ocular muscles of the two eyes 
applies to the ciliary muscle with the same 
validity that it does to the extraocular mus- 
cles, the increased innervation to the ciliary 
muscle of the cycloplegic fixing eye is as- 
sociated with a marked increase in refractive 
power of the noncycloplegic occluded eye. 
Moreover, the between the 
amount of convergence and the change in 


relationship 


refraction of this eye is precisely that ob- 
tained under normal viewing conditions. 

In contrast to the effect of cycloplegia the 
reduction of the amplitude of accommoda- 
tion associated with increased age is not as- 
sociated with a similar increase in the AC/A. 
Measurements on a single individual over 
extended periods of time have not been re- 
ported in any detail in the literature. On the 
other hand, random sampling of the popula- 
tion AC/A at various age levels have been 
carried out. While these measurements have 
been made on the stimulus AC/A this prob- 
ably does not introduce any major error for 
the age groups of immediate concern for the 
present purposes. The results of two such 
studies'* ° which are in essential agreement 
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Log I N=5 N=1 N=2 is; N=3 M.N. 
«0.30 0.00 0.93 1.37 0.93 0.93 0.74 
19 0.11 1.24 0.50 1.06 0.66 1.15 0.79 : 
68 —0.42 0.02 1.05 0.20 1.64 1.14 0.60 | 
19 —1.69 2.37 0.36 1.54 0.62 0.48 0.61 

68 —0.05 1.03 ipo 1.18 0.37 
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with analyses reported by others*®** are 
summarized in Figure 6. Alpern and Hirsch 
summarized the findings on 1,202 normal 
observers, seven to 47 years of age. All 
measurements were made through the dis- 
tance spectacle correction and none of the 
subjects used additional plus lenses in order 
to read the fine row of letters in the near 
(that is, 40 cm.) heterophoria measurements. 
The stimulus AC/A was estimated by com- 
puting the accommodation vergence asso- 
ciated with a change in heterophoria on shift 
of gaze from far to near. Davis and Jobe 
made similar calculations on more than 
10,000 observers studied with 
rater..°> While differences between the two 
sets of data are apparent these are probably 
related to differences in the testing proce- 
dure. However, for the present purpose the 
important point to be emphasized is that up 
to the age of 42 years, when the average 
amplitude of accommodation is less than five 
diopters, no increase in AC/A comparable 
to that obtained under the influence of cy- 
cloplegia is apparent. If anything, the stimu- 
lus AC/A shows a modest reduction during 
this time. While the reason for this reduc- 
tion is not clear it is possible that it is re- 
lated to the increased depth of field as- 
sociated with smaller and smaller pupils with 
increased age. With more depth of field a 
given accommodation stimulus would evoke 
re- 


the ortho- 


progressively smaller accommodation 


sponses and correspondingly larger amounts 


Fig. 7 (Alpern and Larson). A 
comparison of the effect of reduced 
amplitude of accommodation upon 
the AC/A. The crosses are the ef- 
fect of cycloplegia measured by 
Morgan with a haploscope on his 
own eyes.” The filled circles repre- 
sent the effect of age using the data 
of Alpern and Hirsch” of Figure 6 
when compared to the reduction of 
amplitude with age reported by Du- 
ane.” The unfilled circles show the 
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° DAVIS & JOBE N> 10,000 
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Fig. 6 (Alpern and Larson). The effect of age 
upon the stimulus AC/A. 


T 
10 


of exophoria at 40 cm. with increased age. 
A comparison of the effects of the reduc- 
tion of the amplitude of accommodation with 
age, cycloplegia and luminance level upon 
the AC/A is made in Figure 7. The meas- 
urements of age are those obtained by Al- 
pern and Hirsch** when compared to the 
mean amplitude of accommodation for the 
same age group as measured by Duane."* 
The measurements with cycloplegia are some 
recent measurements of Morgan," a highly 
practiced observer, on his own eyes. The 
luminance data are those mean data of the 
present study (fig. 4) when compared to the 
reduction of the amplitude of accommoda- 
tion at the same light level interpolated from 
the data of Figure 1. The figure clearly 
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demonstrates that changing luminance just 
like changing age does not appreciably alter 
the relation between accommodation and ac- 
commodative vergence. Apparently, the re- 
duction in the amplitude of accommodation 
with luminance (or with age) does not re- 
sult in a clear increase in innervation to the 
ciliary muscle in order to focus at near such 
as one finds with partial cycloplegia (fig. 5). 
The term “night presbyopia” seems to be a 
peculiarly well chosen word provided one 
may use the change in AC/A as a suitable 
criterion. 

On the other hand, one should not press 
the analogy too far. It is agreed that the 
major factor in presbyopia is lens sclerosis 
and the reason that this influences the rela- 
tion of accommodation and accommodation 
vergence in the same way that reducing the 
amount of light reaching the retina is not 
obvious. Presumably in both increasing age 
and reduced light level, the deterioration of 
the amplitude of accommodation does not 
elicit any increased ciliary innervation in 
order to produce a unit change in the form 
of the lens. In the case of reduced light level, 
this is true even though the ability of a unit 
change of the stimulus to evoke an accom- 
modation response gradually deteriorates 
along with the amplitude. Why the situation 
should be otherwise in the case of partial 
cycloplegia is not apparent from the avail- 
able data. 

Finally a word should be said as to the 
change in zero level phoria which occurs 
with reduced light level. The zero level 
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DISCUSSION 


Dr. R. H. PeckHAM (Bethesda, Maryland): In 
the averaging of the six subjects, some of whom 
had one trial and others five trials, was there any 
weighting of the number of trials in setting up that 
average? 

Dr. ALPERN: We gave each subject, rather than 
each trial equal weight. This seems to be the pre- 
ferred procedure since AC/A is quite constant in 
any given individual but varies rather markedly 
from one subject to the next. 

Dr. RoMAINE: Were these patients tested for dark 
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adaptation beforehand? 

Dr. ALPERN: Not as a special control in this par- 
ticular experiment. However, you must keep in mind 
that we work in our own laboratory on one another 
to a considerable extent, and in the process we have 
obtained in the course of several years, dark adap- 
tation studies on virtually all of the observers who 
were used. We have no evidence in any of the ob- 
servers whom we have studied that there was any 
defect of this sort. 


IN APPLANATION TONOMETRY* 


Rogert A. Moses, M.D. 


Saint Louts, Missouri 


INTRODUCTION 


Some confusion seems to have arisen re- 


garding the use of fluorescein in applana- 
tion tonometry.’ The difficulty hinges on a 
lack of distinction between the concentra- 


tion of fluorescein in the tears, and the vol- 
ume of tears forming the meniscus between 


* From the Department of Ophthalmology and the 
Oscar Johnson Institute, Washington University 
School of Medicine. The research relating to this 
study was financed in part under a grant to Wash- 
ington University School of Medicine made by the 
Alfred P. Sloan Foundation Inc. The grant was 
made upon recommendation of the Council for Re- 
search in Glaucoma and Allied Diseases. Neither the 
Foundation nor the Council assumes any responsi- 
bility for the published findings in this study. 


applanation prism and cornea. Goldmann 
and Schmidt in their classic paper on appla- 
nation present tables which 
show that if there is a large excess of fluid 
in the meniscus which forms between cor- 


tonometry? 


nea and flattening surface, the curvature 
pressure of the meniscus surface film is re- 
duced. In this case the measured pressure 
may be as much as 2.0 mm. Hg too high. 
They did not discuss the concentration of 
fluorescein in the tear film. However, they 
did state that in their method: “5% fluores- 
cein solution is dried on a paper strip 5 mm. 
wide. Such a dry strip is placed in the con- 
junctival sac briefly.” 

The purpose of the fluorescein in the 
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Fig. Ib 


Fig. 1 (Moses). (a) Schematic cross-section of 
contact between cornea and applanation prism. (b) 
Cross-section of the meniscus of tear fluid. The dots 
represent fluorescein molecules. 


Fig. la 


tears is to delineate the margin of the ap- 
planated area. The relationship of the cor- 
nea, the flattening surface, and the fluores- 
cein-stained tear film is given in cross sec- 
tion in Figure l-a. The flattened area (2¢) 
is taken to be that region inside the meniscus 
ring where fluorescence is not seen. In 
measuring the diameter of this area it is as- 
sumed that the wedge of stained tear fluid is 
visible to its apex. It is this unqualified as- 
sumption that is questioned in the present 
paper. Certainly, unstained meniscus fluid 
cannot be differentiated from cornea during 
use of the tonometer. A brief consideration 
of Figure 1-b points up the question. If the 
dots are fluorescein molecules evenly dis- 
tributed in the tear fluid there are fewer in 
the apex of the wedge than in the base. 
Therefore one expects the fluorescence of 
the apex to be less bright than that of the 
base. If the apex is sufficiently dim it will 
be missed entirely. In this circumstance the 
measurement will be made as in Figure 2, 
from the inner edge of the visible fluores- 
cense, while the cornea is flattened to a lesser 
degree. If this happens, one may expect the 
measurement to represent an underestimate 
of pressure. 

The important questions are: (1) Can 
such an underestimate occur, (2) of what 
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magnitude may it be, (3) what conditions 
enhance the error, and (4) how can such 
underestimate of pressure be reduced? 


METHODS 


Fluorescein solutions of various concen- 
trations were prepared by diluting stock 2.0- 
percent fluorescein (Ophthalmos) with nor- 
mal saline, 0.2-percent Novesine (Wander), 
0.5-percent Ophthaine (Squibb), and an- 
esthetic solution plus saline or buffer. A lu- 
cite ball (diameter 25 mm.) was held by a 
clamp to the headrest of the Haag-Streit 
slitlamp-microscope (unimproved model). 
The applanation tonometer prism was held 
against the ball with a force of 1.0 gm. A 
drop of fluorescein solution was placed be- 
tween ball and prism, and the resulting pat- 
tern was viewed at 9.5 magnification, the 
light switch being in the position for nor- 
mal use. The angle between slitlamp and 
microscope was constant at 65 degrees. The 
tonometer prism was decentered upward 
slightly so that the contact area was seen as 
a circle through the lower prism. The di- 
ameter of the area of no visible fluorescence 
was measured with an eyepiece reticule 


3.06mm 


Fig. 2 (Moses). If the fluorescein concentration in 
the tears is low the apex of the meniscus is invisible, 


and the actual contact between prism and cornea 
(2 p) is less than the apparent contact. 


2 p = 3.06mm 
“a 
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Fig. 3 (Moses). The plastic ball test device as 
seen through the microscope and in cross-section 
(see text). 


From the diameter of the nonfluorescent 
spot and the radius of the plastic sphere the 
thickness of fluorescent meniscus minimally 
visible is easily calculated (fig. 4* ). 

In calculation of the clinical measuring 
error, the measured radius of applanation 

radius of flattened cornea + width of in- 
visible apex of meniscus. If the concentra- 
tion of fluorescein in the tear fluid is known, 
then the minimal visible thickness of film is 
known from the work with the plastic ball 
and the actual radius of applanation may be 
calculated (fig. 5*). 

When the radius of the flattened area is 


* (Fig. 4) b=thickness of film 
m=radius of nonfluorescent area 


R=radius of plastic sphere 


R?=m?+4-(R—b)? 
b=R—VR?—m? 
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not that for which the instrument was de- 
signed, the scale X10 no longer may be in- 
terpreted in mm, Hg, but the scale reading 
(gm.) must be multiplied by a factor appro- 
priate to the actual radius of applanation. 

1 
1.367 (radius of applan.)? 


(Pressure = Force 


where pressure is in mm. Hg, force is in 
grams, and radius is in mm.) 

Furthermore, Goldmann and Schmidt 
have shown that for applanation diameters 
of less than three mm. the elasticity of the 
cornea and the surface tension effect of the 
meniscus no longer balance, the meniscus 
force being the greater. This is a second 
source of underestimate of intraocular pres- 
sure. The error due to imbalance of corneal 
and meniscus forces at reduced applanation 
diameters may be estimated from Figure 6 
modified from Goldmann and Schmidt. 

In order to provide standards for the 
measurement of the concentration of fluo- 
rescein in the tears, strips of filter paper 


7 (Fig. 5) c=radius of curvature of cornea 
b=thickness of fluid 


r=apparent radius of applanted area 


( 3.06 ) 
=—— mm 
2 


p=actual radius of applanation 
c?=(a+b)*+>p? 

a=V/c?—r? 
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Fig. 6 (Moses). The difference between calcu- 
lated and actual intraocular pressure for different 
diameters of applanation (after Goldmann and 
Schmidt ). 


were dipped into solutions of known con- 
centration and allowed to dry. An unstained 
paper strip was touched to the conjunctiva 
of the lower lid of the eye in which fluores- 
cein had been instilled. This strip, when dry 
was compared to the standards. Color 
matching proved to be very easily done. 

pH of the tears which was measured with 
pHydrion indicator paper was estimated im- 
mediately. 

RESULTS 

The thickness of minimally visible fluo- 
rescein solution at varying concentrations 
was measured for stock 2.0-percent fluores- 
cein diluted with (a) normal saline, (b) 
equal parts of normal saline and Novesine 
(c) Novesine, (d) equal parts of normal 
saline and Ophthaine, (e) Ophthaine, and 
(f) seven parts phosphate buffer (pH 7) 
and one part Ophthaine. The results are 
presented in Figure 7. It is apparent that at 
low fluorescein concentrations the fluid layer 
must be increasingly thick for the fluores- 
cense to be visible. It is also clear that fluo- 
rescein dissolved in topical anesthetic is 


much less fluorescent than in saline. 
The error in measurement of pressure at 
different fluorescein concentrations is calcu- 
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lated from the above considerations as error 
due to overestimate of applanated area plus 
error due to imbalance of corneal and me- 
niscus forces. The correct pressures are given 
in Figure 8 for an assumed apparent intra- 
ocular pressure of 15.5 mm. Hg. 

That low fluorescein concentrations in the 
tears may actually occur has been demon- 
strated by the filter paper comparison 
method. Measurements made immediately 
following routine tonometry gave concen- 
trations varying from 0.25 to 0.008-percent 
fluorescein. It is seen from Figure 8 that 
the lower concentration may introduce a 
sizeable underestimate of pressure. 

It is also apparent from Figure 8 that the 
topical anesthetic solutions Novesine and 
Ophthaine quench the fluorescence of fluo- 
rescein, and that the greater the concentra- 
tion of anesthetic in the solvent, the greater 
the quenching. It is well known that fluo- 
rescein loses its ability to fluoresce in acid 
solutions* and both anesthetics are acid 
( Novesine pH 4, Ophthaine pH 4.5). Com- 
mercial fluorescein paper* moistened with 
distilled water is also acid (pH 4.5). How- 
ever, the fluorescence of anesthetic solutions 
of fluorescein is only slightly restored by 
neutralizing the solution, so the anesthetic 
base must also quench the fluorescence to 
some degree (fig. 8). Thus, even though the 
conjunctival sac after preparation for to- 
nometry with Ophthaine and fluorescein dis- 
solved in Ophthaine (Fluor-I-Strip mois- 
tened with Ophthaine) is pH 6.5 (normal 
pH 7.0), one may be sure that the fluores- 
cence is not so bright as if a non-quenching 
fluorescein diluent were used. 


DISCUSSION 


Measurement of intraocular pressure 
with the Goldmann applanation tonometer 
requires that the meniscus of tear fluid sur- 
rounding the flattened corneal surface be suf- 
ficiently stained with fluorescein in a fluores- 
cent state so that the very apex of the wedge- 


* Fluor-I-Strip (Ophthalmos). 


1152/66 

te 
“a 
. 


FLUORESCEIN IN APPLANATION TONOMETRY 


MINIMAL VISIBLE THICKNESS (b) mm 


1153/67 


Stock 2% Fluorescein Solution Diluted with: 


(1) Normal Saline 

(2) 0.1% Novesine 

(3) 0.2% Novesine 

(4) 0.0625% Ophthaine in Buffer 
(5) 0.25% Ophthaine 

(6) 0.5% Ophthaine 


008 .016 .063 
FLUORESCEIN CONCENTRATION % 


25 5 10 


Fig. 7 (Moses). The thickness of fluid minimally visible as fluorescent for different 
fluorescein concentrations and solvents. 


shaped meniscus is visible. If the apex of the 
wedge is not visible, a thicker layer of fluid 
which is visible will be judged as the apex, 
and the apparent flattened area will consist of 
a smaller than standard flattened surface of 
cornea plus a rim of invisible tear fluid. 
The thickness of a wedge of fluorescein- 
containing fluid minimally visible as fluo- 
rescent is inversely proportional to the 
concentration of fluorescein and directly 
proportional to the concentration of sub- 
stances which suppress the fluorescence. 
That is, with a high concentration of fluo- 
rescein (up 1.0 percent; 2.0 percent is not 
visibly fluorescent under the test conditions ) 
and a low concentration of quenching sub- 
(anesthetic solution) one obtains 


maximal fluorescence and minimal invisible 


stance 


wedge apex. With highly dilute fluorescein 
and the presence of quenching substance 
much of the meniscus apex will be mistaken 
for flattened cornea and the force with 
which the applanation prism is pressed 
against the eye will be less than that re- 
quired to flatten a standard area of cornea. 
This will result in an underestimate of pres- 
sure. Moreover, the surface tension of the 
tear fluid pulling the prism toward the eye 
is greater than the force of elastic deforma- 
tion of the cornea at applanations less than 
standard, and an additional underestimate 
of pressure is introduced. 

That an appreciable underestimate of 
pressure can actually result in clinical prac- 
tice from the error under discussion is 
shown by the results of the study which 
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Fig. 8 (Moses). The findings shown in Figure 7 have been translated in terms of actual intraocular pres- 
sure if the apparent intraocular pressure as judged by the scale reading is 15.5 mm. Hg. 


stimulated this report: a worker measured 
the intraocular pressure of 40 normal sub- 
jects and found an average of 14.1 mm. Hg. 
This proved to be significantly different 
from Goldmann and Schmidt’s average of 
15.45 mm. Hg at the 0.001 level. An observa- 
tion of his technic revealed that he placed 
a dry strip of fluorescein paper in the lower 
cul-de-sac for no more than one second. The 
tear fluid was obviously understained. 

A similar potential error results from 
moistening the fluorescein paper with topi- 
cal anesthetic. Even though by this method 
a high concentration of fluorescein in the 
tears is obtained, it may be expected that 
much of it will be in a nonfluorescent condi- 
tion due to the excess of anesthetic solution. 


CONCLUSIONS 

In applanation tonometry an insufficient 
concentration of fluorescein in the tear fluid 
will produce an underestimate of intraocu- 
lar pressure. 

The two topical anesthetic solutions tested 
quench much of the fluorescence of fluo- 
rescein and tend to produce thereby an un- 
derestimate of intraocular pressure. 

It is suggested that in order to avoid such 
an underestimate, after topical anesthesia, 
fluorescein paper be moistened with saline 
or distilled water and applied to the con- 
junctiva so that a liberal quantity of fluo- 
rescein in a fluorescent condition will be 
present in the tear fluid during tonometry. 

640 South Kingshighway (10). 
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DISCUSSION 


Dr. LANGHAM: I enjoyed hearing Dr. Moses’ 
presentation very much, and he has brought up a 
very important point that I would like to support. 

The fluorescence of fluorescein is maximal and 
constant between pH 7.0 and 8.0, however, as soon 
as the pH falls silghtly below pH 7.0, the fluores- 
cence decreases very sharply indeed, therefore if an 
anaesthetic having buffering action and an acid pH is 
used, fluorescence of the fluorescein solution will be 
diminished. To avoid this, I have been using fluo- 
rescein dissolved in a phosphate buffer of pH 7.4. 

Dr. Moses also brought out the point that fluores- 
cence diminishes again as the concentration of fluo- 
rescein rises above a certain level. We have found 
that the fluorescence of the fluorescein solution in- 
creases proportionately with the concentrations up to 
approximately 0.3 mg. percent. 

Dr. Moses: The concentrations that you find as 
maximally fluorescent are much lower than the con- 
centrations I have been talking about as clinically 
useful. I wonder if you are talking about the yield 
of fluorescence. I am speaking of the visibility, which 
is not directly related to the yield 

Dr. LANGHAM: Although it is very true that they 
can’t be directly compared as there is a great dilution 
factor when you apply a drop of fluorescein to the 
eye. 

Dr. Moses: Yes; above one percent you do tend 
to lose fluorescence. If you put too much fluorescein 
in the eye when you put the prism against the cornea 
and see nothing but brown rings, take the prism away 
for a moment and ask the patient to blink, this will 
dilute the fluorescein to the fluorescent level. 

Dr. Roserts: Dr. Moses, this point of the breadth 
of the meniscus was at least to a minor degree em- 


phasized by Drs. Goldmann and Schmidt in their ver- 
bal comments about the use of this instrument, and 
they have urged that you not get an excessively 
broad meniscus, which is essentially a function of too 
much tears rather than too much fluorescence. 

I am a little at a loss as to why it should affect 
your reading, if it does. Do you think it does? 

Dr. Moses: Yes, it does; but you have to go to 
quite a broad meniscus to do this. If you have a small 
meniscus it has a highly curved surface which exerts 
a considerable curvature pressure. As the meniscus 
gets broader, the curvature of the surface is less, 
and it exerts a lower curvature pressure. This pres- 
sure is toward the eye; therefore, when the pressure 
is reduced you have to exert more force with your 
spring balance, and therefore you get an overestimate 
of pressure with a too-broad meniscus. 

Dr. Roperts: Clinically, however, do you feel that 
it has to be an excessively broad meniscus to be of 
importance ? 

Dr. Moses: Yes. Sometimes when you are meas- 
uring, a drop of tears runs down from the patient’s 
upper lid to the prism. You get a very large increase 
in fluid, and you can measure the difference in ap- 
parent pressure of perhaps 1 mm. of mercury. It 
has to be a really broad meniscus. 

On the other hand, I think some workers, in at- 
tempting to get a narrow meniscus have almost de- 
liberately used too little fluorescein. This allows you 
to see only the heel of the wedge, and so they say to 
themselves, “I have a nice narrow meniscus, and 
this is what Goldmann and Schmidt were talking 
about.” That is not true at all. They weren't talk- 
ing about that. So, you are only kidding yourself 
when you see a hairline meniscus. 


THE PROGRESSIVE CHANGES IN THE PATHOLOGY OF 
EARLY RETROLENTAL FIBROPLASIA 


Juttan F. Jr., M.D. 
Boston, Massachusetts 


Usually one gives a paper to present some 
interesting new facts. In this case that is par- 
tially so. The actual pathologic sections are 
unusual as they are examples of early changes 
of retrolental fibroplasia. As the disease is 
not a fatal one, specimens of its early stages 
are rare and hard to come by. In fact the 
Foundation for Vision which grew out of 


1 


Terry’s' original work has only two of these 


specimens. An excellent description of the 


pathology has already been given by Frieden- 


wald, Owens and Owens,? Heath,’ and in 


Ophthalmic Pathology.* 


Actually these slides do not differ a great 
deal from those already mentioned. However, 
I hope to accomplish two things: (1) to cor- 
relate the disease as seen clinically with the 
pathologic findings ; (2) to present these sec- 
tions so that you can visualize the different 
stages as the disease progresses, leading to the 
destruction of the eye. Early the changes are 
reversible, later irreversible. 

Lastly, with the discovery of oxygen as the 
leading etiologic factor, the incidence has 
markedly Patz’s**® work 
firmed the importance of oxygen as an agent, 


decreased. con- 
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JULIAN F. CHISHOLM, JR. 


Fig. 1 (Chisholm). Multiple whorl-like nests of endothelial cells proliferating in nerve-fiber 
layer, resembling glomerular tufts. 


as well as its ability to produce lesior’s in mice, 
rats, kittens, dogs, and so forth which are 
quite typical of retrolental fibroplasia. Natu- 
rally as the disease was controlled, interest in 
it has all but vanished. However, as the true 
etiology is unknown, sporadic cases without 
oxygen or in term babies still appear. Also, 
cases are seen from time to time in babies 
from smaller hospitals where the oxygen has 
not been controlled or measured accurately. 
CASE REPORTS 

Case 1 

Baby F., born October 31, 1949, birth weight two 
Ib. two oz. On December 5, 1949, right inferior tem- 
poral vein <2; left superior temporal vein x3. On 
January 26, 1950, aged eight weeks, last seen, (died 
shortly thereafter). Vascular picture same but more 
tortuous. Right eye: localized separation from in- 
ferior temporal vein up to the 10-o'clock position. 
Left eye: inferior temporal separation. Classified: 
active stage 3. Pathology examination left eye: 
marked neovascular formative tissue on the surface 
of the retina. Retina in multiple folds in region of 
ora. Newly formed fibrous vascular strands in an- 
terior vitreous. 


Case 2 

3aby D., born December 5, 1950, birth weight 
four lb. First examined January 15, 1951. Veins x3. 
Arteries so tortuous like caput medusa. Retinal 
hemorrhages one week later and areas of whitish 
edema under retina. On February 8th left eye : mem- 
brane forming in posterior vitreous. On February 
llth, area neovascularization right eye temporally. 


On February 25th, right eye: membrane growing. 
Left eve: early dragging of disc. Last seen March 
8th (13 weeks). Left eye: membrane and retinal 
fold extending down from the 12-o’clock position 
covering lateral half disc and extending on down. 
Classified : cicatrical left. Died suddenly 
March 8th. 


stage 3 


A section showing the early changes of di- 
lated blood vessels in the nerve fiber layer of 
the retina, because of its simplicity, is not in- 
cluded. In Figure 1 the whorl-like nests of 
proliferating endothelial cells in the nerve 


fiber layer represents the earliest changes of 
neovascularization. In Figure 2 buds from 
these nests are becoming canalized to form 


new blood vessels. 

Figure 3 shows a blood vessel breaking 
through the internal limiting membrane into 
the vitreous. Many capillaries are budding 
from it. Figure 4 is a later stage now show- 
ing some neovascularization on the retina 
and in the vitreous. 

In Figure 5 early neovascularization of 
the vitreous is taking place at the ora. Figure 
6 shows a much more extensive process in 
the vitreous. 

In Figure 7 there is an extensive neovas- 
cularization on the surface of the retina. As 
it is beginning to contract, early retinal folds 
are being formed. Their apices are being 
pulled together by the new blood vessels. In 
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2 (Chisholm). Budding from nest of endothelial cells, with canalization 


resulting in new vessel formation 


Figure 8 an older, well-organized neovascu- 
larization tissue is pulling up an area of 
retina into a fold. 

Lastly, Figure 9 shows that the result of 
traction on the optic nerve from contracture 


of neovascularization, scar tissue, and so 


Fig. 3 (Chisholm). Large vessel entering vitreous with many capillary buds. 


forth is a “dragged disc’—usually tempo- 
rally. The dise is enlarged, atrophic with the 
retinal vessels displaced in the general direc- 
tion of the traction. As this happens a pig- 
ment cuff appears on the side of the disc 
away from the point of traction. In like 
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Fig. 5 (Chisholm). Early neovascularization of vitreous at ora. 


Fig. 7 (Ch 


. ; 
= : Fig. 4 (Chisholm). Capillary entering vitreous ; extensive neovascularization on the surface of the retim 
== 
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- retina, Fig. 6 (Chisholm). Extensive neovascularization of vitreous. 


F&. 7 (Chisholm). Extensive neovascularization on retinal surface. Centrally the multiple new blood 
vessels are pulling the apices of two folds together. 
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§ 

j ie Fig. 8 (Chisholm). Older process. Neovascularization contracting giving a fold from traction. 
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manner, damage to the macula results in ec- 
ntric fixation, poor vision, and so forth. 

Perhaps I am overapprehensive but I have 
the feeling that the diagnosis of retrolental 
ibroplasia is being used all too freely. All 
retinal lesions in babies are not retrolental 
ibroplasia. Yet this diagnosis is being made 
frequently and the baby with such a diagnosis 
s really headed for trouble. With no known 
treatment, he receives some palliative care. 
Often he does not receive even a careful 
work-up. His doctor, satisfied with the diag- 
nosis, no longer worries over the case. Oph- 
thalmology is going backward in these cases, 
wknowingly. The following cases explain 
what I am referring to. 


Case 3 


M. N., birth weight five lb. at the age of three 
and one-half months, brought in because eyes weren't 
ousing. No oxygen. At examination anterior cham- 
er and tension were normal. Pupils reacted. The pu- 
jils were dilated and examination showed a tem- 
ral membrane over the ciliary body and elongated 
‘liary processes. Fold from discs running temporally. 
Jacuoles in posterior cortex nasally, right. Diagno- 
is: bilateral retrolental fibroplasia stage 3, cica- 
ical—in spite of vacuoles in the right lens. Three 
months later possibility of toxoplasmosis suggested. 
\-ray studies showed multiple calcified deposits. Pe- 
latric examination microencephalus and positive 
xin test. The child has become blind and is feeble 
minded. There is a complete membrane and secon- 
ary glaucoma. 


ASE 4 


H.R. A., Jr., Birth weight seven Ib. Mother noted 
hen or next day a whitish reflex in the right eye. 
Examination showed tension soft, both eyes. Right 
he: pupil widely dilated, fixed, and irregular. Large 
ktropion uveae. Flashlight: irregular, multiglobular 
dlowish mass filling the nasal half of the vitreous 
ttending almost to the lens. Some small hemor- 
Page on the surface. Transillumination impaired 
her the mass. Elongated ciliary processes. Vitreous 
dy, no fundus details. Left eye, dilated, resembles 
ty much the appearance of the right eye. Diagno- 
S: (1) bilateral retinoblastoma, (2) uveitis (3) 
niraocular hemorrhage, (4) do not think this is 
rolental fibroplasia—as it was present at birth. 

Vonsultation 1. Large organized clot in the vitre- 
“with extensive retinitis proliferans and proba- 
detachment of the retina, certainly in the right 
pI believe this is one of the various types of 
olental fibroplasia, although not the usual one, 
hich shows its growth chiefly after birth in pre- 
lure infants. Retinoblastoma cannot be excluded. 


Consultation 2. Example of massive separation of 
the retina by hemorrhage. Distinct possibility of 
retinoblastoma. 

Consultation 3. A type of retrolental fibroplasia. 
The child has become totally blind. 


5 


R. W., older brother of patient in Case 6, aged 
11 years, birth weight, eight or nine Ib., nine ounces. 
No oxygen. After ether examination, parents were 
told it was retrolental fibroplasia. Now right globe 
sirunken, band keratitis. Temporal half of the iris 
adherent to the cornea. Left eye: band keratitis. 
Cornea slightly grayish. Deep anterior chamber cen- 
trally, with irregular yellow mass in the pupil. Little 
loss of orbital fat, both eyes. Two sisters born be- 
tween patients in Case 5 and Case 6 have normal 
eyes. 


CAsE 6 


E. W., birth weight eight Ib., 13 oz. No oxygen. 
Seen at the age of four weeks, April 17, 1958, because 
retrolental fibroplasia was suspected and right cor- 
nea seemed slightly larger than left. Right pupil 
four mm. and sluggish. Left pupil active with a 
yellowish mass behind it. Dilated both eyes. Right 
eye: large dense mass in vitreous anteriorly and 
temporally. Strands and mass of tissue over disc 
with blood vessels on it. Left eye: many vacuoles in 
posterior cortex : many dense strands anterior, vitre- 
ouslike rays then central membrane with hemorrhage 
on it. Diagnosis: massive vitreous hemorrhage with 
question of secondary separation. Definitely not 
retrolental fibroplasia. 

On May 29th, complete examination at Children’s 
Hospital negative. Tuberculin test not done. Later 
examination negative. 

On August 2nd, tension of the right eye was in- 
creased. Mild buphthalmos. On March 5, 1959, right 
cornea 14 mm.; left nine mm. Right: peripheral an- 
terior synechia. Iris bends back and is adherent cen- 
trally to cataractous lens. Left: pupil widely dilated, 
advanced cataract, partially calcified. 

On October 6, 1959, the peripheral rim of the iris 
of the left eye was visible. Massive exudate com- 
pletely filled the angle. No light perception, both eyes. 


CONCLUSION 


Although retrolental fibroplasia is mod- 
erately well controlled, neither its true etiol- 
ogy nor treatment is known. Further re- 
search on it is definitely indicated. With the 
interest revived, doctors would make greater 
efforts to diagnose the disease correctly. 
Other obscure retinal vascular lesions would 
then be recognized, leading to their correct 
diagnosis and treatment. 
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THE CLINICAL EVALUATION OF ECHOTHIOPHATE (PHOSPHOLINE 
IODIDE) IN THE TREATMENT OF GLAUCOMA* 


Leon Gray, M.D., anp Joun P. Ropinson, M.D. 


The search for more potent and less irri- 
tating anticholinesterase agents for the con- 
trol of intraocular pressure has been going 
on for many years. In 1875, Laqueur em- 
ployed physostigmine (eserine) the alka- 
loid obtained from the calabar bean in the 
treatment of glaucoma. Ever since this ini- 
tial discovery a variety of agents have been 
tried (see table 1). Neostigmine, ortho-neo- 
stigmine, and para-neostigmine are the 
short-acting reversible agents. The other 
group of agents in this category and the 
longer-acting relatively irreversible agents 
include TEPP (tetraethylpyrophosphate), 
TIPP (tetraisopropylpyrophosphate ), 
HEPP (hexaethylpyrophosphate), minta- 
col, parathion, and DFP (isoflurophate) or 
Floropryl. Of all these agents only Eserine, 
Prostigmin, and Floropry] have stood the test 
of time as effective agents in the management 
of glaucoma. Floropryl is considered the most 
potent of these agents. 

In June, 1959, we received Phospholine 


* From the Department of Ophthalmology, Con- 
federate Memorial Medical Center. Phospholine Io- 
dide, supplied by Campbell Pharmaceuticals, Inc., 
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TABLE 1 used | 
AGENTS USED TO TREAT GLAUCOMA cent ) 
Long-Acting Relatively 
Agents Irreversible Agents 
Neostigmine Tetraethylpyrophosphate TEP? § — 
o-Neostigmine Tetraisopropylpyrophosphate TI?! 
p-Neostigmine Hexaethylpyrophosphate HEPP V 
Mintacol (p-nitrophenyldiethylphe 
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Isoflurophate DFP (Floropryl) 
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ECHOTHIOPHATE IN GLAUCOMA 


TABLE 2 
FORMULA OF ECHOTHIOPHATE 
Eehothio- 
—€ 217 MI phate 
lodide 
Oo 
P—S—CH:CH2N(CHs)53, I 
C,H;O 
Antidote—Atropine, or its derivatives 
Protopam (2 PAM, pralidoxime) 


temperature and only six months if kept in the 
refrigerator. 

In the normal human eye the miotic effect 
of this agent comes on in about 30 minutes 
and its effect may last for several days. Dur- 
ing this time the intraocular pressure is re- 
duced and the aqueous outflow facility is 
greatly increased. Although the agent, after 
prolonged use as eyedrops, may be absorbed 
into the blood stream systemic affects are 
very rare. When systemic symptoms occur 
such as persistent diarrhea, profuse sweat- 
ing or muscular weakness, the drug should 
be discontinued and the patient treated with 
atropine or protopam (2-PAM). 

The indications for the use of Phospho- 
line lodide are the same as for the use of 
other miotic agents. It may be used in 
chronic open-angle glaucoma and secondary 
glaucoma of various etiologies and especially 
aphakic glaucoma. It may also be used in 
angle-closure glaucoma, with caution, where 
surgery has been refused or for some rea- 
son is contraindicated (table 3). 


DosSAGE AND ADMINISTRATION 


Due to the potency of this drug it may be 
used in strengths of 0.06 percent (1/16 per- 
cent) to 0.2 percent (1/5 percent). This 
potency factor gives the clinician a wider 


TABLE 3 
TYPES OF GLAUCOMA TREATED 


Wide-angle 20 


Aphakic 5 
Secondary to occlusion to 

central retinal vein 1 
Congenital glaucoma 1 
Narrow-angle 0 
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range of administration than is seen with 
pilocarpine. The agent may be given as one 
drop on alternate days, twice a week, or as 
frequently as twice a day. More frequent 
use than this or in stronger concentrations 
does not enhance the miotic effect and may 
bring about side-effects. 

In this study our patients were started 
with the stronger solutions and the fre- 
quency of administration was varied. The 
patients were followed daily and when we 
were satisfied that they were under control 
the time was either prolonged or the concen- 
tration of the solution was decreased. We 
noticed almost immediately that those pa- 
tients with dark brown irises required more 
frequent administration and the more po- 
tent drops. Since blurring of vision was one 
of the complaints we instructed our patients 
to use the drops before retiring. 

In evaluating this agent our clinical cri- 
teria of control was as follows: We con- 
sidered the glaucoma to be under control if 
the ocular tension remained below 25 mm. 
Hg (Schigtz) and if there was no further 
loss of visual field, and no visible evidence 
of progression of the disease by gonioscopy, 
biomiscrospy, and ophthalmoscopy. 

In analyzing these cases, as shown in 
Table 4, we attempted to classify the pa- 
tients according to control on previous medi- 
cation, or uncontrolled on previous medica- 
tion ; compared to control on Phospholine Io- 
dide, or uncontrolled on Phospholine Iodide. 
Controlled in this study means whether or 
not the patient was controlled with topical 
medication alone. Those cases that were un- 
controlled by previous medication had been 
using in conjunction to their drops acetazol- 
amide (Diamox). When patients using 
Phospholine Iodide became uncontrolled they 
were supplemented with Diamox. It might be 
added at this point that all of the patients were 
successfully controlled by the use of these 
two agents. 

In Table 4 we note that 12 of the 20 cases 
of wide-angle glaucoma were controlled by 
pilocarpine and eight were uncontrolled. 
When these patients were started on Phos- 
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TABLE 4 
ANALYSES OF CASES 


Previous Medication »hospholine Iodide 


Type — 
Controlled Uncontrolled Controlled Uncontrolled 
Wide-angle 12 8 18 2 
Aphakic 1 4 3 2 
Secondary occlusion 
central retinal vein 1 1 
Congenital 1 1 


pholine Iodide 18 became controlled and two or symptoms. Ciliary injection was the mos 
remained uncontrolled. [t was also noticed frequently seen sign initially but this soon 
that the eighteen cases that were controlled subsided. Complaint of pain about the eyes, 
had a consistently lower pressure than they brow ache and headache were next, occurr- 
had been having when on pilocarpine. In ing in one third of the patients. This symp 
aphakic glaucoma one case was controlled tom decreased in all but two of the patients 
by Floropryl alone and four were having to with continued use of the drug. Dimness of 
use Diamox. Phospholine Iodide controlled vision occurred in six of the patients; in 
three of these five patients. In one case of three of these the medication was stopped 
glaucoma secondary to occlusion of the cen- for this reason. Paradoxical rise in pressure 
tral retinal vein which was uncontrolled by was not seen in this series. One patient de 
pilocarpine alone, Phospholine Iodide was veloped a sensitivity reaction and for this 
successful. The one case of congenital glau- reason the medication was stopped. While 
coma that was uncontrolled with pilocarpine this patient was using Phospholine Iodide 
was also uncontrolled with Phospholine lo- the glaucoma was under control. The sensi- 
dide. In analyzing this study we note in tivity developed during the second week of 
chronic simple glaucoma Phospholine Iodide use. In all, we had to discontinue the medi- 
gives a much better control of the disease cation in four patients. In this study we had 
than pilocarpine. In aphakic glaucoma it no retinal detachments, pseudomembranes, 
seems to be comparable to Floropryl. tear duct obstructions or any signs of 
In Table 5 we have listed the side-effects uveitis. 

that most commonly occur in the use of this 

longer-acting miotic agent. They are ciliary 
injection, brow aches and headaches, dim- We have reported on the effectiveness of 
ness of vision, nausea and vomiting, and a potent long-acting cholinesterase inhibitor, 
paradoxical rise in pressure. There were Phospholine Iodide, in the control of glat 
nine patients out of the 27 that had no signs coma. It controlled 22 of 27 glaucoma pt 
tients; percentagewise, these figures af 
comparable to the findings of other workers 
This agent has proven to control glaucom 
and Symptoms Month Stopped sisten ower pressures, ut also wi s 
frequent administrations. It has been provel 


SUMMARY 


TABLE 5 
TOTAL CASES 27—NO SIDE-EFFECTS 9 


Ciliary injection 16 5 0 comparable to DEP in the control @ 

Browache and heacache 9 2 0 P : 

Dimness of vision _ 6 3 3 aphakic glaucoma. 

0 Since glaucoma is a chronic disease th 

Fospiialan! rise in pressure 0 long duration of action and potency of thi 
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ECHOTHIOPHATE IN GLAUCOMA 


concentrations and time of administrations. 

Although we encountered side-effects, we 
found relatively little disturbance of the pa- 
tient’s body physiology. However, this agent 
definitely causes more side reactions than 
pilocarpine and we feel that its use should 
be held in reserve for those cases that are 
developing a tolerance to pilocarpine. An- 
other, but slight disadvantage, is the relative 
instability of the solution. When used in 
warm climates, Phospholine Iodide solu- 
tions should be stored in the refrigerator. 
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The powder does not require refrigeration. 

We have not used the agent long enough 
to notice any development of tolerance to 
the drug or what side effects may result 
from prolonged use. 


CONCLUSION 


We feel that when you consider the entire 
clinical evaluation of phospholine iodide, 
that another useful miotic agent has been 
added to the armamentarium for the treat- 
ment of glaucoma. 
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EXPERIMENTAL STUDIES ON CATARACT FORMATION* 


T. M. Fercuson, Pu.D., A. A. Swanson, M.S., anp J. R. Coucn, Pxu.D. 
College Station, Texas 


G. L. Fe-pMAN, Pu.D. 
Houston, Texas 
AND 
R. H. Riepon, M.D. 


Galveston, Texas 


Experimental cataracts have been pro- 
duced in rats by feeding diets deficient in 
fiboflavin or tryptophane (Day, et al., 1931; 


*From the Texas A & M College System: the 
University of Texas Medical Branch, Galveston, and 
the Methodist Hospital, Metabolic Endocrine Unit, 
Houston. A. A. Swanson is a National Institutes of 
Health predoctoral fellow, Texas A & M. 


Curtis, et al., 1932). A lesion in rat em- 
bryos from rats fed a diet deficient in vita- 
min suggested retrolental fibroplasia 
(Callison and Orent-Keiles, 1951). 
Ferguson, et al. (1954) described catar- 
acts in turkey embryos from hens fed a diet 
deficient in vitamin E. The effects of 2, 4- 
dinitrophenol on the chick embryo were re- 
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ported by Feldman, et al. (1958) and Rig- 
don, et al. (1959). The discussion which 
follows is a review of some of the work 
done in this laboratory relating to experi- 
mentally produced cataracts, and prelimi- 
nary biochemical studies relative to vitamin- 


E deficiency. 


OBSERVATIONS 


Embryonic mortality was observed to be 
high from the 24th through the 28th day 
of the incubation period in eggs from turkey 
hens fed a diet deficient in vitamin E ( Fer- 
guson, et al., 1954; Atkinson, et al., 1955). 
Hatchability of eggs from hens fed supple- 
mental vitamin E was normal. The addition 
of vitamin E to the diet of hens increased 
the hatchability of eggs from 52 to 88 per- 
cent. 

Embryos dying during the latter part of 
the incubation period were found to have 
cataracts in both eyes in most instances. A 
keratoconus condition accompanied the cat- 
aracts. A hemorrhagic, edematous area was 
frequently observed in the deficient embryos 
in the area at the base of the skull in the 
posterior portion of the neck. 

The conditions described were from hens 
maintained on wire floors to prevent copro- 
phagy, and had been fed a diet composed of 
natural feedstuffs, low in vitamin E, as de- 
termined by analyses of the eggs. Subse- 
quently, another experiment was designed 
with a synthetic type diet, with some groups 
supplemented with vitamin E (Ferguson, et 
al., 1956). Results confirmed our earlier ob- 
servations relative to vitamin E in the pre- 
vention of cataracts, and in improving the 
hatchability of eggs. Opacities were found 
in 38.8 percent of the embryos and 17 per- 
cent of these exhibited a keratoconus con- 
dition. The most conspicuous change oc- 
curred in the lens which was characterized 
by a liquefaction of either a part or all the 
lens protein. Earliest changes noted were 
focal areas of small Morgagnian droplets in 
the center or at the periphery of the lens, 
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immediately beneath the lens capsule. There 
was degeneration of the lens epithelium and 
extensive proliferation of this area was alg 
observed. The epithelium frequently ex 
tended to cover the posterior portion of the 
lens, where it is normally absent. Focal 
areas of degeneration were also found in the 
cornea. 

Feldman, et al. (1958) injected eggs from 
chickens at various stages of the incuba 
tion period, with various levels of 2, 4-dini- 
trophenol (DNP). This substance has been 
shown to produce cataracts in_ hatched 
chicks (Robbins, 1944) and Horner (1941) 
reported that therapeutic use of DNP re 
sulted in cataracts in some patients. 

While temporary cataracts in chickens have 
been reported, permanent cataracts wert 
found by Feldman (1958) following injec- 
tion of eggs on the eighth day of incubation 
with 500 zg. of DNP. Other levels and ages 
produced only temporary damage. The cata 
racts produced in the chick were quite sim 
lar to that of the vitamin-E deficient turkey 
embryo. Furthermore, edema in the pos 
terior neck region of the chick embryos was 
observed. 

Rigdon, et al. (1959) also obtained a per- 
manent cataract in chick embryos following 
injection with DNP. Opacities in the eyes 
of growing chicks and turkeys after oral ad- 
ministration of DNP was also reported in 
this study. 

Preliminary biochemical studies have 
been made on tissues from vitamin-E def 
cient turkey hens. Oxygen consumption 
studies have been carried out on liver he 
mogenates by conventional manometrit 
methods with the Warburg apparatus. Re 
sults were based on nitrogen content of vol 
ume of homogenate added per vessel. The 
hens used in the studies had been maitr 
tained throughout their life on wire floor 
on a low vitamin-E diet, and had been fed 
a synthetic diet, deficient in vitamin E, sine 
maturity. The hens were maintained on this 
synthetic diet for approximately eight 
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months. Prior to sacrificing, one group was 
continued on the E deficient diet, one group 
of hens was given a capsule with 29 mg. of 
{-a-tocopheryl acetate daily, and another 
group fed three such capsules daily for a 
period of five weeks. 

Oxygen uptake was greatest in the livers 
of hens fed the diet deficient in vitamin E. 
There was very little difference in the oxy- 
gen consumption by hens fed no vitamin E 
or one capsule of vitamin E daily, while a 
statistically significant lowering of oxygen 
consumption was observed in the group fed 
three capsules daily. 

Succinic dehydrogenase activity was 
found to be very high in the heart and liver 
of vitamin-E deficient hens, and greatly de- 
creased in the birds provided supplemental 


vitamin E. Biochemical studies similar to 
those described above are now in progress. 


SUMMARY 


Experimental cataracts have been pro- 
duced in turkey embryos by feeding hens 
diets deficient in vitamin E. Cataracts in the 
deficient embryos show extensive liquefac- 
tion of lens protein, proliferation of the lens 
epithelium and focal areas of degeneration 
in the cornea. Cataracts have been produced 
in chick embryos following the injection of 
DNP into the egg. 

Preliminary biochemical studies indicate 
that oxygen uptake by the liver and succinic 
dehydrogenase activity of the liver and 
heart are increased in vitamin E deficiency. 
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DINITROPHENOL-INDUCED CATARACTS IN THE AVIAN EMBRYO* 


GERALD L. FeLpMAN, Pu.D. 
Houston, Texas 
AND 
T. M. Fercuson, Pu.D., anv J. R. Coucn, Pu.D. 
College Station, Texas 


The ability of dinitrophenol to induce cat- 
aracts has been known since the 1930’s.* Of 
all experimental animals the chick appears 
to be the only one which is consistently sus- 
ceptible to the drug. The lesion which is 
produced is reversible and grossly resembles 
the transitory opacities induced by heat, 
cold, anoxia, osmotic changes and others. 
Loomis and Lipmann® showed that dinitro- 
phenol stimulated oxygen consumption but 
decreased the incorporation of inorganic 
phosphate into high energy phosphate com- 
pounds. This phenomenon is referred to as 
an uncoupling of oxidative phosphorylation. 
It is this property of the drug that led us 
to its use in our studies. 

In some of our earlier work Ferguson*'* 
showed that a deficiency of vitamin E re- 
sulted in the formation of cataracts in tur- 
key embryos. These lesions were not ob- 
served in mature birds unless the birds were 
raised from a cataractous poult. Vitamin-E 
deficient tissues consume oxygen at an ele- 
vated rate with a concomitant uncoupling of 
oxidative phosphorylation.* The susceptibil- 
ity of the vitamin-E-deficient embryo to cat- 
aract formation plus the basic similarity be- 
tween this deficiency and dinitrophenol tox- 
icity in uncoupling oxidative phosphoryla- 
tion suggested that the drug might produce 
a permanent lesion if injected into the incu- 


* From the Metabolic Endocrine Research Depart- 
ment, The Methodist Hospital, and the Department 
of Poultry Science, Texas Agricultural Experiment 
Station. This study was supported in part by re- 
search grants B-759 and B-1291 from the National 
Institute of Neurological Diseases and Blindness, 
U.S. Public Health Service, National Institutes of 
Health. It was completed during the fall of 1958 
during the tenure of a Public Health Service Re- 
search Fellowship to the senior author (G.L.F.) 
from the National Institute of Neurological Diseases 
and Blindness. 


bating egg. A study was initiated to investi- 
gate this possibility, for if true it would pro 
vide a valuable tool for studying the mech 
anism of cataract formation. This paper 
deals with the results of that study. 


EXPERIMENTAL PROCEDURE 

Solutions containing 1.0 to 1,000 ug. of 
dinitrophenol were injected into chicken 
eggs through a hole drilled into the air cell 
The injections were made either prior t 
incubation or after one to 15 days of incuba 
tion. Regardless of the time of injection the 
range of doses was selected to provide min 
imum and maximum toxicity. 

The dinitrophenol solutions were prepared 
by diluting a stock solution with physiologic 
saline. The stock solution was prepared by 
dissolving 200 mg. of dinitrophenol in dilute 
sodium hydroxide to provide a concentration 
of sodium ion equivalent to physiologic saline 
and then adjusting to pH 7.4 with dilute hy 
drochloric acid. 

The eggs were incubated under normal 
conditions for the 21 days required to hatch 
a chicken egg. At the end of this time all the 
chicks and live unhatched embryos wert 
killed by decapitation. The lens and vitreous 
humor of one eye was excised through @ 
incision in the sclera of the posterior of the 
eye. The lens was examined under a dissect 
ing microscope with indirect illumination 
The opposite eye was removed intact anf 
preserved in 10-percent formalin for histo 
logical sectioning. 

RESULTS 


GROSS OBSERVATIONS 


Cataracts were observed grossly in eft 
bryos and chicks hatched from eggs whit 
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fig. 1 (Feldman, Ferguson and Couch). Anterior marginal epithelium of the lens of a day-old chick. 
Note the single-cell thickness. 


ight days of incubation. Injecting the drug 
fore the eighth day failed to induce a lens 
sion except in one isolated instance of a 
mecocious embryo. The incidence of cata- 
act induction declined in groups injected 
fier the 11th day. A dose of 1.0 mg. of 
initrophenol produced twice as many cata- 
actous chicks when injected on the 11th 
ay as it did when injected on the 13th day, 
et the mortality was not affected. The cata- 
nct appeared grossly as a small white spot 
athe center of the lens when viewed from 
‘santerior face. The spot was occasionally 
xcompanied by a peripheral opacity, the 
ncidence of which was greatest in the un- 
matched embryos. In addition to the cata- 
nets, the back of the neck of the unhatched 
mbryos was usually greatly enlarged, yel- 
wand gelatinous in nature, and frequently 
~ transparent that the vertebrae could be 
asily seen. Hemorrhaging was frequent in 
his area. These gross observations are simi- 
at to those observed in the vitamin-E de- 
icient turkey embryo. 


MicROSCOPIC FINDINGS 


l. Anterior marginal epithelium. No de- 


RMerative changes were observed in the 


lens epithelium from the cataractous birds. 
This tissue is normally one cell in thickness 
across the anterior face of the lens but 
thickens at the lens equator to form the an- 
nular pad, a characteristic of birds and rep- 
tiles (figs. 1 and 2). The epithelium was 
frequently thickened by proliferation in the 
cataractous birds (fig. 3). In many sections 
we observed convolutions in the band of 
nuclei through the annular pad (fig. 4). At 
first, we thought that this was related to the 
appearance of peripheral opacities but later 
these convolutions were seen in control em- 
bryos as well. However, occasional areas of 
degeneration were seen in the convoluted 
portion which did correlate with the appear- 
ance of peripheral opacities. 

2. Lens cortex. Degeneration in the cor- 
tex was observed in our experiments as 
early as 48 hours after injection of the drug. 
Small focal areas of degeneration were seen 
at the posterior of the cortex, in the cortical 
area directly beneath the epithelium and in 
the lens nucleus. Rigdon, in a collaborative 
study with us, reported the appearance of 
histologic evidence of degenerative changes 
in embryos eight hours after injection. The 
earliest change he observed was edema. 
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Ba Fig. 2 (Feldman, Ferguson and Couch). Annular pad at the lens equator. This structure is found m 
birds and reptiles and arises by a thickening of the epithelium. Note the regularity of the nuclei of thee 


cells. 


There was some swelling of the lens fibers 
and varying degrees of nuclear degenera- 
tion. In many sections there were small 
focal areas of degeneration scattered 
° throughout the cortex. The smooth curving 
band of lens fiber nuclei was greatly dis- 


Fig. 3 (Feldman, Ferguson and Couch). Anterior marginal epithelium of the cataractous lens of 
day-old chick showing thickening by proliferation. 


rupted in the cataractous lens causing thes 
nuclei to exhibit a very disorderly arrange 
ment (fig. 5). In some cases these nuclei ap 
pear to have moved toward the posterior 
face of the lens where nuclei are normally 
absent (fig. 6). A few sections exhibitel 
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Fig. 4 (Feldman, Ferguson and Couch). Convolutions of the band of nuclei through the annular pad of 


a cataractous lens. In this case a peripheral opacity was also observed. 


very widespread degeneration. The area di- 
rectly under the epithelium had degenerated 
laterally and posteriorly producing a T- 
shaped lesion (figs. 7 and 8). The entire 
cortex adjacent to this massive area of ne- 
rosis showed evidence of .iquefaction and 


COMMENT 


degeneration. A similar lesion is seen in the 
vitamin-E deficient turkey embryo. 


The development of the eye has been 
studied very intensively with regard to its 


Fig. 5 (Feldman, Ferguson and Couch). Annular pad and section of the cortex of a cataractous lens. 
Note the irregular arrangement of the lens fiber nuclei. Normally these occupy the center of the lens 
ibers and form a smooth, regular band through the cortex. In the center of the figure a large area of 
liquefaction with small focal areas of degeneration can be seen. 
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Fig. 6 (Feldman, Ferguson and Couch). Posterior face of a cataractous lens. Note the nuclei which am 
normally absent from the posterior face of the lens. 


morphology and physiology, but very little 
is known of its biochemistry. Several en- 
zyme systems have recently been defined in 
the developing rat lens and cornea.’ Those 
of the lens are of particular interest. It is 
suggested that as the development of the 
lens proceeds, the activity of the Krebs cycle 


enzymes declines in the cortex and nuclew§; 


but increases in the epithelium. These find 
ings also suggest that glycolytic enzymes art 
static in the epithelium but increase very 
markedly in the cortex and nucleus. Unfor- 


tunately these data only concern themselves, 


with a few enzyme systems. Although in- 


Fig. 7 (Feldman, Ferguson and Couch). Area 


a 


of degeneration at the posterior face of the lens. 


Note the nucleated cells at the top of the figure. 
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complete, they are interesting when the find- 
ings of Kinsey and Frohman*® are consid- 
eed. These authors reported that the oxi- 
dative enzymes of the adult lens are found 
mly in the epithelium while the cortex is 
primarily glycolytic. Consequently, the cor- 
tex is dependent on the epithelium for a 
supply of adenosine triphosphate (ATP) 
with which to carry on its metabolism. 
These findings are of great importance in 
studying the mechanism of cataract forma- 
tion. Failure to produce dinitrophenol-in- 
duced cataracts in the chick embryo prior to 
the eighth day of incubation indicated that 
amajor change in the metabolism of the 
kms occurs at this time which renders the 
kns susceptible to cataractogenesis. The em- 
iryonic lens fibers arise by an elongation of 
the proximal wall of the lens sac towards 
the distal wall.’° Initially this lens primordia 
s epithelial in nature and probably has the 
metabolic activity of epithelial cells. 


Whether this metabolic activity changes af- 
ter differentiation and morphogenesis is not 
Known. 

Dinitrophenol prevents the formation of 
ATP by the process of oxidative phosphory- 
ation. Since the cataract was produced only 


Fig. 8 (Feldman, Ferguson and Couch). T-shaped lesion in a cataractous lens. Note extensive proliferation 
of the anterior marginal epithelium and the extensive degeneration beneath it. 
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after seven to eight days of incubation, it is 
possible that the elongated lens sac cells con- 
tinue to carry out the metabolic activity of 
epithelial cells until that time and hence 
would not require an outside source of 
ATP. It is significant that dinitrophenol has 
no effect on substrate-level phosphorylations 
and a supply of ATP could be derived from 
this source for the metabolism of the lens. 
Consequently, a cataract would not result 
until such time as the cortex becomes de- 
pendent on the epithelium for its supply of 
ATP. Furthermore, in the dinitrophenol- 
induced cataracts the opacity is found only 
in the cortex, never in the epithelium, again 
pointing out the effect of the dependence of 
the cortex on the epithelium for its supply of 
ATP. The synthesis of ATP by substrate 
level phosphorylation in the epithelium is 
probably not adequate to meet the require- 
ments of both tissues. 

The relative ease with which cataracts can 
be produced in the chick embryo makes 
them an ideal organism with which to study 
cataract formation. Furthermore, the basic 
histologic similarity between dinitrophenol- 
induced cataracts in the chick embryo and 
those produced in other species by other 


& 
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means suggests that the same basic biochem- 
ical pathways of metabolism may be in- 
volved. 


G. L. FELDMAN, T. M. FERGUSON AND J. R. COUCH 


The elucidation of these pathways may pr 
vide a means whereby human cataracts canbe 
prevented or cured. 
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MYCOTIC FLORA OF THE CONJUNCTIVA* 


Joun C. Hammeke, B.S., anp Puitip P. M.D. 
Little Rock, Arkansas 


INTRODUCTION 


In recent years, numerous cases of intra- 
ocular fungal infections have been reported. 
Since many of the infections have occurred 
after surgery, trauma, and topical cortisone 
therapy, it appears that they are exogenous 
in origin. If this is true, the normal fungal 
flora of the eyes becomes extremely im- 
portant, because these organisms may be 
the source of the intraocular infection. 

Surprisingly few studies have been made 
of the normal fungal flora of the human eye. 
Only two detailed reports concerning such 
flora have appeared. One was conducted by 
Fazakas, a Hungarian worker, in 1934, and 
the other by Matsui and Hanabusa, two 
Japanese workers, in 1955. Fazakas cultured 


* From the Division of Ophthalmology, Depart- 
ment of Surgery, University of Arkansas Medical 
Center. This work was supported by NIH Train- 
ing Grant 2B-5151, and was presented at the Mid- 
Southern Meeting of Association for Research in 
Ophthalmology, Houston, Texas, .November 14, 
1959. 


160 normal eyes and obtained 39 positive 
cultures (24.3 percent) for fungi. Matst 
and Hanabusa determined the effect of pre 
longed local corticosteroid therapy upon the 
incidence of fungi in the eye. The contrd 
group of 65 patients yielded fungi in 22 
cases (18.5 percent). In contrast, 42 of the 
62 patients on local corticosteroid therapy 
had positive cultures. (67 percent). 

It seemed then worthwhile for us to study 
the incidence of the mycotic flora of the eyt 
By such a study we hoped to establish: (a) 
whether the incidence of the fungal flora @ 
the eye was approximately the same in thij 
country as in other parts of the world; (b) 
whether the incidence of these organism) 
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varied between different age groups, aml 
(c) whether the organisms we found it} 
habiting the conjunctiva were capable @ 
producing an intraocular infection. This las 
objective we hoped initially to study by com 
paring the organisms we isolated with thos 
fungal organisms previously reported # 
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ay pt Fury project, we were interested in studying same movements as was necessary to swab 
cane he sensitivity of the isolated organisms to an individual’s eyes, and exposed to the air 
he newer antifungal drugs (Nystatin and for the usual length of time required to carry 
Amphotericin B). out the test. It was then stroked on Sa- 
bouraud’s slant. Fifty slants were inoculated 

Mow PROCEDURE in this fashion. 

The conjunctival sac of each eye of 156 All positive cultures were allowed to grow 
ibryote Fults, 52 infants and 52 children were out to sufficient size, after which they were 
AMa {sted for the presence of fungi. Patients isolated and identified as to genus. The molds 

were chosen at random from the clinics, were identified by their colonial morphology 
jospital wards, and nursery. They were first and the appearance of typical microscopic 
rons «amined to rule out any external disease of _ structures as found in a sample of the colony 
t of te§ the eyes before cultures were taken. No pa- examined on a glass side in a few drops of 
ents receiving corticosteroid therapy, either cotton blue under a glass cover slip. 
6 bcally or systemically, were included in this Pigmented yeasts were studied for ballis- 
us pho § study. tospore formation. Tests determining the 
, 48:29 The procedure used in testing eyes was as_ drop excretion of spores were performed 
follows. The lower lid was pulled down and _ for this purpose. None of the pigmented 
the conjunctival sac swabbed with a sterile yeasts in this study produced ballistospores. 
sotton applicator moistened with saline. This The white yeasts were studied by testing 
wab was first stroked across a mycosel their growth at 37°C on Sabouraud’s media. 
dant and then subsequently across a Sa- The white yeasts that did not grow at this 
iouraud’s slant. Slants were used instead of temperature were considered nonpathogenic 
Petri plates in order to reduce the possibility for man and no further identification was 
positivgof air contamination. Sabouraud’s agar is attempted. The yeasts growing at 37°C were 
Matsw§ssentially a starvation media containing readily identified as Candida albicans by 
of progeptone, dextrose and agar, and allows the chlamydospore formation on corn meal agar. 
pon th§gowth of both pathogenic and non-patho- Studies were then carried out to determine 
contrdggenic fungi, while inhibiting the growth of _ the sensitivity of the fungi to Amphotericin 
in [flacteria. Mycosel is a more complex media B (Squibb) and Nystatin (Squibb). Be- 
- of thfantaining chloramphenicol and cyclohexa- cause Amphotericin B diffuses into agar 
therapygnide. The chloramphenicol inhibits a broad very poorly, the use of impregnated discs 
yectrum of bacteria and cyclohexamide in- was not possible with this agent. Accord- 
o studpibits all the common air-borne fungi (usu- ingly, Petri plates were prepared, using 
the eytfily called “contaminants”). Thus mycotic media containing serial dilutions of Ampho- 
sh: (af pathogens” grow on mycosel, whereas  tericin B. The various plates contained the 
flora paar normally do not grow on _ following concentrations of Amphotericin 
in thig'tis media. However, as will be pointed out B: standard (none); 1.56 pg./ml.; 6.25 
Id; (bifater, many of the so-called nonpathogens yg./ml.; 25 pg./ml.; and 100 yg./ml. After 
yanismg or man probably are capable of producing the agar had set, the plates were inoculated 
Ds, andgan endophthalmitis if introduced into the with the test organisms. To determine sensi- 
und impeye. tivity to Nystatin, standard sensitivity discs 
able of In order to give greater significance to impregnated with nystatin were placed on 
“his lasfthe findings, the frequency with which usual the surface of agar plates previously inocu- 
by complt-borne fungi would fall into the culture lated with the fungi. Observations were 
th thosftubes or on the swabs was determined in the made at regular intervals to evaluate the 
rted lowing manner. A sterile swab was re- inhibition of the fungi by Amphotericin B 
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RESULTS TABLE 2 
Funai I 
The first group consisted of 156 adults 
(age range 22-85 years) made up mainly of ‘ Number 
patients from the surgical and medical clinics =— 
of the Medical Center. Cultures from these Mycelia sterila 14 
Penicillium 3 
312 eyes were positive in 32 (10.3 percent). te nl 
The 32 positive cultures were obtained from Cladosporium 3 
the eyes of 25 patients (16 percent). Five ‘Aetemteatn ; 
of these patients had a positive culture in Clasterosporium 1 
oe Eurotium (ascomycetes) 1 
each eye and one individual had two organ- Diediatarula - 
isms in one eye and a third fungus in the Candida albicans 2 
” +): White yeasts th at 37°C. 2 3 
opposite eye. From the 32 positive cultures, White 37°C.) 
20 molds and 12 yeasts were isolated. Seven. 
of these yeasts were pigmented and five were = 
nonpigmented or white yeasts. inhibited even by the lowest concentration mt ¢ 
The second group studied consisted of 52 of Amphotericin B used (1.56 yg./ml.). h - 
children from the Pediatric clinic. These @ few cases there was a small amount aff!” 
children ranged in age from two months to growth that could be seen in the agar plate 4 P 
16 years. Cultures from these 104 eyes gave that contained Amphotericin B. However wider 
a total of five (4.8 percent) positive tests, this growth showed a vertical bushy pattem audi 
each from five different patients, All the tather than the horizontal soft type of" * 
isolated organisms proved to be molds. growth normally exhibited by fungi. _ 
The third group studied consisted of 52 After the tests with the Nystatin dis” ™ 
newborn infants from the Medical Center had been performed, it was found that they all 
nursey. These infants ranged in age from discs had been used beyond the recommended amg! 
one-half hour to three days. Cultures of expiration date. Therefore, all of these oj 4 
these 104 eyes gave only one (0.1 percent) servations have been discarded. = 
positive test; this was a pigmented yeast. 7. 
None of the 50 control slants for possible CoMMENTS oi F 
air contamination were positive. With such a high incidence of mycot Z 
The results of the survey and the identi- flora in the normal healthy conjunctiva, | y vl 
fication of the organisms are summarized in would seem quite likely that intraocular it he 4 
Tables 1 and 2. fections with these fungi may result fros at 
the introduction locally of the organis he a 
SENSITIVITY STUDIES rather than by contaminated instrumeny, am 
All of the organisms were inhibited by used in surgery and trauma. This possibilit 7 
Amphotericin B, with most of them being has recently been emphasized by Fine .. 
co 
TABLE 1 
RESULTS OF CULTURES 
Positive Cultures ariati 
Number of Eyes —— 
Cultured Sabouraud's Mycosel Total No. of Cultursp'™ cot 
Media Media of Fungi Positive [While 
Adult 312 31 1 32 10.3. fff fur 
Children 104 4 1 5 4.8 ry cli 
Newborn 104 1 0 1 0.9 Thi 
Control 50 0 0 0 s 
— ——Bugus 
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TABLE 3 


MycorTic ORGANISMS IN ENDOPHTHALMITIS 
FOLLOWING SURGERY AND TRAUMA 
(REPORTED CASES) 


. Aspergillus* 

. Blastomycetes 
. Actinomycosis 
. Candida* 

. Cladosporium * 
. Valuntella 

. Cephalosporium 
. Curvularis 

. Penicillium* 

. Gibberella 


SOON 


* Similar organisms isolated in this study. 

limmerman. Although these floral fungi do 
wt cause any reaction in the normal con- 
unctiva, they may very well be pathogenic 
shen introduced into the eye as suggested by 
inderson and his co-workers. Substantial 
widence for this is offered by comparative 
dudies of the organisms that were found in 
his series and organisms that have been re- 
wrted by other investigators to have caused 


Jo intraocular infection (table 3). In this 


mspect the inner eye may react to these 
lungi much as it does to certain bacteria, 
weh as the severe reaction to Bacillus sub- 
ilis, usually considered nonpathogenic in 
ay other part of the body. 

It is interesting that the incidence of my- 


.fotic organisms in the healthy eye in this 


“ries is very similar to the incidence found 
y two other workers in different parts of 


he world. Theoretically, one would feel that 
fettain environmental factors would alter 


he incidence of organisms obtained—the 
ime of the year, humidity, rainfall and wind. 


Piarious studies by mycologists indicate that 


he concentration in air of the spores of 
lingi are in greatest number during the 
ummer and early fall season. In the south- 
tm United States, there is less seasonal 
fariation than in the north. On windy days 
he counts of atmospheric fungi are higher. 
While dampness generally favors the growth 
f fungi, air-borne fungi are numerous in 
ity climates, indoors as well as outdoors. 
This survey was performed in July and 
August ; the weather was quite hot but only 
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moderately humid. There was not unusual 
dampness or heavy wind. 

A record was kept of occupations of the 
patients but there was no positive correlation 
with occupation and incidence of fungal 
organisms. However, most of our patients 
were people who worked out-of-doors— 
farmers, laborers, and so forth. 

The children came mainly from an urban 
rather than a rural area as did the adults. 
Although no sampling for fungi was done in 
the different areas, it is likely that the inci- 
dence of air-borne fungi is higher in the 
rural rather than the urban areas. This 
might explain the large difference in inci- 
dence between adults and children. 

The low incidence of fungi in the new- 
born would seem to confirm the fact that 
these fungi are air-borne into the conjunc- 
tiva. The nursery in which the newborns 
were tested is quite free from air contami- 
nation, All the air entering the nursery is 
filtered. Moreover, the newborns eyes are 
closed most of the time; consequently, the 
possibility of air contamination would be 
minimal. 

It should be pointed out that the organ- 
isms isolated are exactly those usually iso- 
lated from plates exposed to air. Although 
these organisms are found in the normal 
conjunctiva, the pathogenesis of an intra- 
ocular infection resulting from such fungi 
remains obscure. 


SUMMARY 


The occurrence of fungi in the normal 
conjunctival sac was determined in 520 eyes 
of healthy adults, children and newborns. 
Cultures were positive in 10.3 percent of 
the adult eyes, five percent of the children’s 
eyes, and 0.1 percent of the newborns’ eyes. 
Controls were run to exclude air contami- 
nation of the culture tubes. 

The organisms obtained were similar to 
fungi previously reported by other workers 
to have caused intraocular infections follow- 
ing surgery or trauma. It is suggested that 
intraocular mycotic infections may result 
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from local introduction of the fungal flora 
of the conjunctiva. Though the organisms 
are nonpathogenic in the conjunctiva, they 
may be capable of becoming pathogens in- 


REFERENCES 
1. Anderson, B., Roberts, S. S., Gonzalez, C., and Chick, E. W.: Mycotic ulcerative keratitis. Arh 


Ophth., 62 :169-179, 1959. 


2. Baker, R. D.: Mucormycosis: A new disease? J.A.M.A., 163:805-808, 1957. 
3. Birge, H. L.: Ocular aspects of mycotic infections: Arch Ophth., 47 :354-382, 1952. 
4. Conant, N. F., Smith, D. T., Baker, R. D., Calloway, J. L., and Martin, D. S.: Manual of Clinica 


Mycology: Philadelphia, Saunders, ed. 2, 1954. 


5. Fazakas, A.: Uber die von Bindehaut, Hornhaut, Lidrand, and Tranenwegengezuchteten, Pilze: Arh 


f. Ophth., 133 :461-466, 1934. 
6. 
mologica, 126 :91-109, 1953. 


7. Fine, B. S., and Zimmerman, L. E.: Exogenous intraocular fungus infections. Am. J. Ophth, # 


151-165, 1959. 


8. Foster, J. B. T., Almeda, E., Littman, M. L.,; and Wilson, M. E.: Some intraocular and conjunctivd 
effects of amphotericin B, in man and in the rabbit. Arch. Ophth., 60 :555-564, 1958. 
9. Greetham, J. S., and Makley, T. A.: Intraocular fungus infection following cataract extraction 


Arch. Ophth., 58 :558-561, 1957. 


10. Ley, A. P.: Fungus Infection of the Cornea. Am. J. Ophth., 42:59-71 (Oct. Pt. I1) 1956. 
11. Ley, A. P., and Sanders, T.: Fungus keratitis: Report of three cases. Arch. Ophth., 56 :257-26, 


12. Mitsui, Y., and Hanabusa, J.: Corneal infections after cortisone therapy. Brit. J. Ophth., 39 :244-2%) 


13. Vaughan, W. T., and Black, J. H.: Practice of Allergy. St. Louis, Mosby, ed. 3, 1954. 
14. Veirs, F. B., and Davis, C. T.: Fungus infections of the eye and the orbit. Arch. Ophth., 59 :172-I% 


JOHN C. HAMMEKE AND PHILIP P. ELLIS 


: Zusammenfassender Bericht itiber meine Ophthalmologischen Pilzuntersuchungen. Ophthal. 


side the eye. All of the cultured organisms 
were inhibited by Amphotericin B. 


Medical Center. 


RESPONSES AND DISTRIBUTION OF THE HUMAN 
INTRAOCULAR MUSCLES* 


Jutta T. Apter, M.D. 
Chicago, Illinois 


The pupil constricts and dilates, suggest- 
ing circumferential and radial contractile 
forces in the iris. Up till now, experiments 
attempting to locate the sources of this con- 
tractility have been performed on the irises 
of laboratory animals.’ * 1% 22-26, 
29-38, 89, 41-43,50 Tn these experiments, isolated 
rings contracted circumferentially to cho- 
linergic and relaxed to adrenergic drugs; 
isolated sectors contracted radially to both 
cholinergic and adrenergic drugs as well as 
to electric current. The findings on radial 


*From the Departments of Ophthalmology and 
Physiology, Northwestern University School of 
Medicine. This work was supported in part by 
U.S.P.H.S. Grant No. B-1177(C3), and in part by 
a grant from the Illinois Department of Public 
Welfare. 


contractility were inconsistent with the hy 
pothesis that the so-called “dilator pupillae] 
contracts upon sympathetic — stimulation 
thereby widening the pupil. 

Recent reports from this laboratory iné 
cate that in the cat the ciliary muscles, r 


ther, are the source of the radial contract] 
ity.* Examination of the irises of the cat au 


other laboratory animals reveals that & 


distribution of histologically identifiablg 


muscle fibers seldom resembles the humat 
a fact well-known to veterinarians.*® What4 
more, there is still some doubt whether th 
“dilator pupillae” of any species actually | 
composed of muscle cells.:% 15-7 21,275" 
87, Therefore, identification of the ds 
tribution and responses of muscle in the if 
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the ha 


gan iris requires the application of the crucial 
wt for muscle; that is the development of 
stive tension in response to appropriate stim- 
jation. 

The purpose of the present study was to 
gply these tests to the three alleged muscles 
side the human eye. 


METHOD 


Eyes enucleated either for indicated sur- 
ery or shortly postmortem were used. The 
is was selected for study only if the 
ghincter, a known muscle, was in good 
mdition, evidenced by prompt constriction 
{the pupil after the cornea and adjunct 
era were removed (fig. 1). When the 
mpil reached maximal constriction, slits 1.5- 
am. long were cut through the entire thick- 
wss of the exposed uvea in the radial and 
ircumferential directions in three areas, 
wpillary, ciliary, and intermediate between 
hem. Two millimeters of tissue surround- 
ag each slit was excised. 

Isometric tensions developed by these iso- 
ited segments following exposure to graded 
ses of epinephrine (adrenalin), metha- 
holine (Mecholyl), electric current and 
oling were measured in an apparatus al- 
nady described.* By testing segments from 
wpillary, intermediate and ciliary regions, 
he sphincter, “dilator” and ciliary muscles 
wuld be tested separately. What is more, 


. Fig. 1 (Apter). Diagram of the human iris. Solid 
mes indicate slits. The dotted line is the outline of 
me excised segments. 
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ELECTRIC CURRENT VOLTS 


Fig. 2 (Apter). Strength-stimulus curve for seg- 
ments in which the central slit was cut in the radial 
direction. Points are actual data corrected to adjust 
scales. The curves are fitted forms of equation 1. 

Open circles are values from six specimens of 
ciliary muscles, closed circles from seven specimens 
of sphincter, crosses from 10 specimens of “dilator.” 


the strength of the muscles could be quanti- 
tively compared since all were tested at the 
same resting tension.’*** Moreover, the re- 
sponse to temperature clarified the prop- 
erties of segments whether muscle or 
not.* 4: 38 47-49 


RESULTS 


Figure 2 shows dose-response curves for 
electric current in the radial direction. These 
were chosen for illustration because electric 
current is a nonspecific stimulus that never 
fails to induce contraction in a tissue con- 
taining muscle. It demonstrates that the 
sphincter and ciliary muscles, containing 
typical muscle fibers, gave an intensity-re- 
sponse curve, like cats and dogs, monotonic 
in form, with the concavity downward, 
reaching an asymptote at maximal re- 
sponse.* This curve fit an exponential form 
as follows: 

F =Finax[1—e 


(1) 


where F is the tension developed to strength 
D, D, is threshold strength, Fmax is maximal 
response, and Dsgo is the strength of stimulus 
inducing 50 percent of Finax. This systematic 
behavior gives strong support to the as- 
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TABLE 1 


RADIAL CONTRACTILE FORCES 


Sphincter “Dilator”’ Ciliary Muscles 

No Force (max.) No. Force (max.) No. Force (max, 

Mecholy! 4 3.1 6 0.5 5 3.2 
Adrenalin 3 — 2.7 8 —0.5 4 2.9 
Current 7 3.9 10 0 6 4.7 

CIRCUMFERENTIAL FORCES 

Mecholyl 4 16.1 10 0 3 3.1 
Adrenalin 3 — 5.9 14 0 3 3.9 
7 15.8 7 0 6 3.0 


Current 


sumption that the methods used in this study 
dependably demonstrated contractility where 
it existed. Yet these same methods failed to 
demonstrate contractility in the dilator, as 
Figure 2 shows. 

Table 1 is a resume of mean maximal 
forces obtained from the three separate 
muscles in radial and circumferential direc- 
tions. A negative sign indicates that the 
stimulus induced a drop in tension. The 
sphincter contracted to Mecholyl and to elec- 
tric current but relaxed to adrenalin, greater 
changes in tension occurring in the circum- 
ferential direction. The ciliary muscles con- 
tracted to all three stimuli with the same 
power in both directions. The table does 
not show it, but tensions were doubled if 
both drugs were used simultaneously. The 
dilator did not respond at all. 

Figure 3 illustrates the changes in resting 
tension induced by temperature alterations 
in the environment of the sphincter, ciliary 
and “dilator” muscles. It is apparent that the 
sphincter and ciliary muscles have a nega- 
tive sigmoid relationship, higher tensions 
occurring at lower temperatures, This is 
characteristics of smooth muscle.* * **** The 
terms fmax and fmin refer to the highest and 
lowest tensions reached in the range of tem- 
peratures considered. The force (f) at any 
absolute temperature (T) then may be ex- 
pressed as 


(2) 


where C is the proportionality factor. The 
“dilator,” on the other hand showed only a 


slight change in tension with temperature 
changes, these taking the form 
f=kT+I 8 
where k is a new proportionality factor ani 
I is the force to be read at absolute zen 
temperature. Again, “dilator” did not # 
like muscle. 
Discussion 
The important new findings are that te 
human “dilator pupillae” fails to act li 
muscle; that the ciliary muscles contract 
both adrenalin and Mecholyl; that te 
sphincter can contract slightly in the radid 
direction. This discussion will handle th 
following three questions: (1) Why isi 
that the “dilator” pupillae was ever labelel 
muscle? (2) If the dilator is not muse 
what is it? (3) What clinical application 
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Fig. 3 (Apter). Temperature-tension curve i 
each of the three intraocular muscles. The pol 
are actual data corrected to adjust scales. ™ 
sigmoid curve is a fitted form of equation 2. TH 
straight line is a fitted form of equation 3. 

Open circles are mean values froms seven spe 
mens of ciliary muscles; closed circles, 13 speq 
mens of sphincter muscle; crosses from 19 spe 
mens of “dilator.” 
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SPHINCTER MIDDLE ROOT 


s fig. 4 (Apter). Diagrammatic cross-section of the 


irises of three species. See text. 


may be made of the new information? 

To treat question one, Figure 4 is in- 
verted, showing a schematic cross-section of 
ses of humans, cats and dogs. The in- 
formation on the cat and dog were obtained 
m this laboratory but are well-known to 
eterinarians.** It is apparent that the dis- 
inbution of sphincter and ciliary muscles 
differs among species, explaining why ex- 
frimenters thought that demonstrated con- 
tractility lay in the “dilator.” All of the 
rouble seems to stem from the fact that 
heir experiments were done on cats, but the 


Pistology they relied on was done on hu- 


mans. 

This incorrect assumption gave rise to 
he following misconception. If an electrode 
is placed on the sclera of a cat and of some 
(logs, the pupil margin will move toward the 
lectrode when the current is turned on. 


This is a classical experiment performed by 
Langley and Anderson in 1892 and has 
been repeated many times since. Recently, 
a circumferential®™ slit in the middle portion 
of the cat iris left in situ, showed that this 
radial contractility was in the ciliary part 
of the iris, not in the sphincter. Figure 4 
shows, however, that the ciliary region of 
the cat iris is a solid mass of smooth muscle 
fibers continuous with the ciliary muscles, 
making it erroneous to conclude that such 
radial contractility resides in the “dilator.” 
Since the ciliary muscles extend into the iris 
in some dogs and not in others, it is logical 
to suppose that the dog iris acted like the 
cat iris when the dog ciliary muscles were 
arranged like the cat. But in instances when 
the dilator pupillae was tested alone? it did 
not respond to any stimulation. Even more, 
the dilator of the human, besides not re- 
sembling muscle in appearance, failed in all 
respects to behave like muscle. 

It remains, therefore, to discover what the 
dilator is. Some progress is made by de- 
scribing the behavior, to temperature, of iris 
segments containing this membrane. The 
behavior is characteristic of elastic polym- 
ers.**-*® This is not surprising since the “di- 
lator” resembles a cuticular membrane in 
many features: it is acellular, it is intimately 
connected with, even inseparable from, a 
layer of epithelial cells; it is continuous 
with a cuticular membrane of the ciliary 
body and the choroid. If it is cuticular, it 
could have elastic properties resembling 
those other cuticular membranes: the lens 
capsule and Descemet’s membrane. It would 
gape after incision; be restored after 
stretch, elucidating some clinical observa- 
tions. Most important, it should respond to 
physical changes like elastic polymers. The 


‘present study supplies information about 


one such agent, temperature. The “dilator 
pupillae” does respond characteristically to 
it. 

The present findings also suggest possi- 
bilities for interpreting normal reflex re- 
sponses of the intact pupil. For example, the 
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photic responses of the pupil are abolished 
by interference with the parasympathetic 
nerve supply and are unaltered by similar 
interruption of the sympathetic supply. The 
current interpretation that the “dilator pu- 
pillae” induces dilation is not consistent with 
these clinical and experimental facts and 
must be abandoned for lack of physiological 
evidence that it is a muscle. There is no rea- 
son to assume anything more than sphincter 
action and elastic recovery to explain the 
photic responses of the pupil. It cannot be 
stated at this time that the radial ciliary mus- 
cles play no role at all, but they do not seem 
necessary. 

However, when we examine pupillary re- 
sponses to accommodation, there is a dis- 
tinct possibility that the ciliary muscles may 
be involved. Heretofore, it has been as- 
sumed that the sphincter mediated this re- 
sponse via special nerve pathways for lack 
of other mechanisms. With the present re- 
sults, it is possible that the ciliary muscles 
are concerned, certainly in cats and dogs, 
but also in humans. In favor of this idea, 
even though the ciliary muscles are periph- 
eral in humans, is that after removal of 
the iris sphincter, the remaining iris root 
constricts to accommodation but not to ljght. 
Also, the Argyll-Robertson pupil, insensitive 
to light by virtue of a damaged iris, still re- 
sponds to accommodation. It appears possi- 
ble from these examples that the ciliary mus- 
cles may, indeed, alter the size of the human 
pupil, especially in accommodative responses. 

It seems in order to clarify, also, pupillary 
dilation to orthosympathetic mediators, 
either liberated by iridal nerves or by ad- 
renal gland or instilled as drugs. The excess 
dilation they induce may be explained by the 
relaxation of the sphincter combined with 
contraction of the ciliary muscles. Naturally, 
such an action should be most effective in the 
absence of parasympathetic control. Indeed 
it is, in the presence of atropine. 

Besides demonstrating the probable prop- 
erties of the dilator, these studies on the in- 
traocular muscles give some new informa- 
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tion about the action of autonomic drugs on 
the intraocular muscles. Parasympathomi- 
metic and sympathomimetic drugs both con- 
tract ciliary muscles; while the former con- 
tracts and the latter relaxes the sphincter. 
It is conceded that part of the ameliorative 
action of cholinergic drugs on narrow angle 
glaucoma is to pull open the canal of Schlem 
by contraction of the ciliary muscles. If that 
is the case, then a combination of cholinergic 
and adrenergic drugs could allow a dilated 
pupil and yet keep the angle opened. Indeed, 
this appears to be the case. Becker** found 
that a parasympathomimetic drug given to a 
patient with a narrow angle, inducing pupil- 
lary constriction may safely be followed with 
neosynephrine, even if the pupil widened. 
Probably, the two types of drugs contract 
the ciliary muscles synergistically, thereby 
opening the angle, while the two are mutu- 
ally antagonistic on the sphincter. 

The action of temperature changes on the 
intraocular muscles also suggests possible 
clinical applications. Cold contracts all intra- 
ocular muscles and this is what one hopes to 
achieve in acute glaucoma. Moreover, cold 
constricts muscle-bearing arteriolar 
walls (but not the amuscular veins). It 
seems possible that the following combined 
effects brought on by lowering the intra- 
ocular temperature might be synergistic in 


also 


ameliorating a closed angle: (1) contract all 
intraocular muscles, thereby opening the 
angle; (2) constrict arterioles, reducing the 


formation of humor; (3) leave 


veins open, allowing unhampered outflow of 


aqueous 


aqueous. However, tests would have to be 
carried out on suitable cases with tonography 
before clinical use could be made of this 
agent. 

Clinical application may also be made of 
the knowledge that warming the muscles re- 
laxes them. This is what we aim for in 
cataract extraction. When a pupil remains 
tight despite medication, raising the tempera- 
ture slightly and carefully aids in relaxa- 
tion of the muscles of cats and dogs. It may 
prove useful clinically. 
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SUMMARY 

1. Using a technique which successfully 
isolated each of the three alleged human 
intraocular muscles, the distribution and re- 
sponses of these muscles to graded stimula- 
tion were quantified. 

2. The sphincter muscles contracted both 
radially and circumferentially to Mecholyl 
and electric current, but relaxed to adrenalin. 

3. The ciliary muscles contracted equally 
in both directions to adrenalin, to Mecholyl 
and to electric current. The effects of adren- 
alin and Mecholyl were summated. 

4. The dilator pupillae did not respond at 
all. 

5. The responses of sphincter and ciliary 
muscles to stimuli were systematic, fitting 
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an exponential curve that is defined in the 
text. 

6. The sphincter ciliary 
showed a negative sigmoid correspondence 
between temperature and resting tension. 
The dilator showed a slight positive linear 


and muscles 


correspondence. 

7. The responses of the sphincter and 
ciliary muscles were typical of muscle. 

8. The response ef the dilator was char- 
acteristic of an elastic polymer. 

9. A re-evaluation of previous experi- 
ments and of clinical observations was pos- 


sible. 


Laboratories of Neurophysiology, 
912 South Wood Street. 
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THE MACROPHAGES OF THE HUMAN VITREOUS BODY* 


J. Rermer Wo ter, M.D. 


Ann Arbor, Michigan 


The cellular elements of the vitreous body 
of the human eye have recently become of 
great interest to a number of researchers in 
Ophthalmology. As a part of studies of this 
field the present demonstration deals with the 
nature, origin, and function of the macro- 
phages of the human vitreous body. It must 
be emphasized that these macrophages are 
not a normal constituent of the vitreous 
body. However, these simple cells are very 
commonly found in the vitreous under many 
different pathological conditions. 

The reaction of the macrophages invading 
the vitreous is only part of a group of sev- 
eral reactions that may be found in the vit- 
reous of diseased eyes. Some of these are the 
invasion of inflammatory cells, vitreous exu- 
dation and hemorrhage, and retinitis prolif- 
erans. In most cases of pathologically in- 
volved vitreous there is a combination of the 
reaction of the macrophages with those of 
inflammatory cells or fibroblasts or with 
bleeding. The reaction of the macrophages is 
very commonly seen secondary to vitreous 
bleeding or exudate. 

The case used for this demonstration ex- 
hibited a reaction of virtually only the mac- 
rophages secondary to an extensive vitreous 
exudate. All the known phases of the migra- 
tion and evolution of these cells during their 
phagocytic activity can be seen in the slides 
of this single eye. This fact makes it an ideal 
case for this demonstration. 

This case is one of a rare slow-growing 
tumor in the peripheral retina of a child. A 
part of this eye was sent to me by Dr. Lor- 
enz E. Zimmerman of the Armed Forces 
Institute of Pathology, Washington, D.C. 
The case had already been studied and diag- 
nosed by Dr. Zimmerman and also by Dr. S. 


*From the Department of Ophthalmic Surgery 
and the Laboratory of Neuropathology of the Uni- 
versity of Michigan Medical Center. 


Ry Andersen of Copenhagen. Both agreed 
that the tumor represented a rare retinal neo- 
plasm that was classified as an intermediate 


between a typical medullo-epithelioma and a 
retinoblastoma. This tumor protruded into 
the posterior chamber of the eye and had re- 
sulted in a pre- and retroretinal dense gelat- 
inous exudate and a virutally pure macro- 
phagic reaction all through the vitreous. 


METHOD OF EXAMINATION 


Most of the eye was fixed and imbedded 
in paraffin at the A.F.I.P. A part of the eye 
with an area of the tumor, the retina, vitre- 
ous, choroid, and sclera were used for this 
study. Frozen sections were made of this 
part. The method for demonstration of mi- 
croglia of the silver carbonate techniques of 
del Rio Hortega’ was used to stain some of 
the sections. 


HISTOLOGIC FINDINGS AND DISCUSSION 


The silver stains showed numerous mi- 
croglia all through the inner layers of the 
posterior and intermediate retina of this 
case. The microglia of the retina are easily 
recognized by their small round nuclei and 
short branching pseudopodia-like processes 
(fig. 1). This shape of their protoplasm is 
known to be the expression of their motility. 

All over the inner surface of the retina 
many of these microglia cells were seen in all 
phases of emigrating from the retina into 
the posterior chamber (figs. 1 to 4). The 
cellular shape of the microglia in this process 
of migration through the inner limiting mem- 
brane indicated that the openings through 
which these cells left the retina must be very 
small (figs. 2 and 4). Once in the vitreous 
space the migrating cells were seen to resume 
their rodlike or branching shape with the 
pseudopodia-like processes (figs. 5 and 6). 
Mitotic figures could be observed in this 
stage. This indicates that the retinal microg- 


1185/99 


a4 
q 


Fig. 1 (Wolter). Two microglia cells (arrows) with short branching dark-staining cellular processes 
in the innermost layer of the retina. The microglia cell on the right side has extended two small processes 
through the inner limiting membrane into the posterior chamber. (Frozen section, Hortega stain for 
microglia, photomicrograph. ) 


Fig. 2 (Wolter). The lower half 
of the picture represents the inner- 
most retina. A microglia cell (ar- 
row) is seen migrating through the 
inner limiting membrane of the 
retina with a long extended process 
into the vitreous (upper half). 
(Frozen section, Hortega stain for 
microglia, photomicrograph. ) 
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Fig. 3 (Wolter). A rodlike mi- 
croglia cell (arrow) with delicate 
pseudopodialike processes migrating 
away from the retina (lower part 
of picture) into the vitréous exu- 
date. (Frozen section, Hortega 
stain for microglia, photomicro- 


graph.) 


Fig. 4 (Wolter). A microglia cell 
(arrow) which still has one proc- 
ess in the inner limiting membrane 
of the retina is seen to migrate into 
the vitreous exudate. A halo of 
lighter stain is seen around the cell. 
(Frozen section, Hortega stain, 
photomicrograph. ) 
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Fig. 5 (Wolter), A rod-shaped microglia (ar- 
row) with a very distinct halo of lighter staining 
around it in the vitreous exudate. (Frozen section, 
Hortega stain for microglia, photomicrograph. ) 


lia was very active and actually proliferating 
in the vitreous. 

Phagocytosis of exudates, cellular rem- 
nants, or erythrocytes are the typical func- 
tions of the microglia all through the cen- 
tral nervous system including the optic nerve 
and retina. All phases of the evolution of 
these cells in this process could also be ob- 
served in the vitreous of the present case. 
Many complicated protoplasmatic processes 
were seen to extend from the microglia into 
the vitreous exudate (fig. 6). It was inter- 
esting to observe in our slides that there al- 


ways was 4 lighter staining zone around the 


macrophages in the darkstaining vitreous 
exudate (figs. 4 and 7). This halo around 
the macroglia is evidence of the proteolytic 
action of enzymes in the microglia. A pro- 
tease is known to be present in microglia of 
other areas.” 

Finally the phagocytosis was seen to have 
changed many of the microglia into large 
round cells (figs. 7 and 8). These stages of 
microglia after phagocytosis are well known 


Fig. 6 (Wolter). A microglia cell 
(arrow) extending many pseudo- 
podialike processes into the vitre- 
ous exudate in the process of pha- 
gocytosis. The innermost retina is 
seen in the lower part of the pic- 
ture. (Frozen section, Hortega stain 
for microglia, photomicrograph. ) 
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Fig. 7 (Wolter). A microglia cell (arrow) already shows some small vacuoles in protoplasm and 
has become larger in process of phagocytosis. A distinct halo is seen around cell. (Frozen section, 
Hortega stain for microglia, photomicrograph. ) 


Fig. 8 (Wolter). Large microglia (gitter cells) after phagocytosis in the vitreous body. The cells are 
filled with vacuoles of phagocytized substance. Some of these cells have two nuclei (arrow). (Frozen 
section, Hortega stain for microglia, photomicrograph. ) 
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Fig. 9 (Wolter) Large gitter cells filled with vacuoles containing phagocytized substance close to the 
retina. The retina is visible in lower part of picture. (Frozen section, Hortega stain for microglia, 


photomicrograph. ) 


as granular compound corpuscles or gitter 
cells from general neuropathology. The 
small round nuclei are all that reminded of 
the original microglia. Some of these cells 
had two nuclei (fig. 8). 

These large cells were found in all stages 
of migrating back to the inner retinal sur- 
face (figs. 9 and 10). Large accumulations 
of such round cells were seen on the retina 
especially in areas where there were super- 
ficial retinal blood vessels (fig. 11). I was 
unable to find in our slides—of this and other 
cases—any of these cells in the process of 
migrating back into the retina and to the wall 
of blood vessels. The microglia in their git- 
ter cell-stage remained on the inner surface 
of the retina until degeneration of these cells 
occurred (fig. 12). Signs of this degeneration 
were loss of the cellular nuclei and mem- 
branes. Many cells were seen in their final 
stage of actually fading away. It seems that 
the cells with all their phagocytized contents 
then have become fluid that can reach the 
retinal blood vessels by diffusion. 


It was interesting to observe that most 
macrophages of the vitreous in this case 
appeared to come from and to migrate back 
to the posterior and intermediate retina. In 
other cases it can be observed that similar 
cells may originate in the ciliary body. In 
cases of exudative retinal detachment mi- 
croglia is often seen to invade not only the 
vitreous but also the exudate in the retro- 
retinal space. This is most impressively seen 
in cases of Coats’ disease. In the retroretinal 
space it is often quite difficult to differenti- 
ate the microglia of retinal origin from pro- 
liferating cells of the pigment epithelium. 
Both may contain pigment granules and look 
virtually alike. 


CoMMENTS 


The microglia represents the reticulo- 
endothelial system of the central nervous 
system. Microglia cells are normally present 
in all organs and regions of the central nerv- 
ous system but in each territory they are ar- 
ranged according to the general architecture 
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Fig. 10 (Wolter). High-power 
view of a microglia cell after pha- 
gocytosis (gitter cell) in the vitre- 
ous close to the retina. (Frozen sec- 
tion, Hortega stain, photomicro- 


graph.) 


Fig. 11 (Wolter). Accumulation of numerous large microglia after phagocytosis (gitter cells) on the 
inner surface of an area of the retina where there is a blood vessel (arrow). The glial framework of 
the retina is not well stained with the method for microglia. (Frozen section, Hortega stain for 


microglia, photomicrograph. ) 
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and function. Microglia are mesodermal in 
origin. They were first described and fully 
understood in their nature and function by 
del Rio Hortega.* Therefore microglia is 
also known as Hortega cells. 

The existence of microglia in the human 
optic nerve and retina was first demonstrated 
by Lopez Enriquez (1926)* and shortly af- 
ter by Marchesani (1926).* Through the re- 
cent years extensive studies of the role of 
retinal microglia in human retinal pathology 
was published from this laboratory.*-” 

The present demonstration shows that the 
function of the retinal microglia in the eye is 
not limited to the retina itself. The microg- 
lia may leave the retina and migrate into the 
posterior chamber to become what is well 
known as the macrophages of the vitreous. 

The microglia in the vitreous behaves 
much like it does in all regions of the central 
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Fig. 12 (Wolter). Several degen- 
erating microglia (gitter cells) on 
the inner surface of the retina. Nu- 
clei and cell membranes are already 
partially lost. (Frozen section, Hor- 
tega stain for microglia, photo- 
micrograph. ) 


nervous system. They migrate towards the 
pathologic involvement and phagocytize cel- 
lular debris, exudate, erythrocytes, or for- 


eign substance. In this process the normally 
delicate microglia become large round cells 
filled with vacuoles containing phagocytized 
substance (gitter cells). In the central nerv- 
ous system these cells then migrate back to 
blood vessels to deliver the substance to the 
blood stream. This, however, they do not 
seem to be able to do when they migrate into 
the vitreous of the eye. Here they accumulate 
after phagocytosis on the inner retinal sur- 
face as close as possible to retinal blood ves- 
sels. Having only a certain life time like all 
free moving mesodermal cells the gitter cells 
finally degenerate right in front of the ret- 
ina. They are seen in all stages of fading 
away completely. This must mean that the 
structures of the cells as well as the phago- 
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Fig. 13 (Wolter). Drawing to demonstrate the 
evolution of the microglia in the vitreous during 
phagocytosis: (1) normal microglia in the retina, 
(2) microglia migrating from retina through inner 
limiting membrane (horizontal line) into vitreous 
(direction of arrow), (3) microglia has almost 
left the retina and migrates in direction of arrow 
into vitreous, (4) rod-shaped migrating microglia 
in the vitreous, (5) microglia at rest in the vitreous, 
(6) mitosis in microglia in the vitreous (prolifera- 
tion), (7) early phase of phagocytosis with many 
pseudopodialike processes extending into the sub- 
stance to be phagocytized, (8) late stage of phago- 
cytosis (gitter cell), and (9) final degeneration of 
gitter cell in the vitreous on the inner retinal sur- 


tace. 


cytized substances contained in it have be- 
come soluble and may reach the retinal blood 
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vessels by diffusion through the inner limit- 
ing membrane and be thus removed from the 
vitreous. 

Some of you may say that it is not right to 
call the macrophages of the vitreous microg- 
lia since they look and act much like histio- 
cytes of mesodermal tissues and since cells 
just like them may be found in the anterior 
chamber and around the lens. However, these 
cells come from the retina and invade the 
secondary vitreous which is considered to 
have developed as a secretion product from 
the radial fibers of Muller. It seems logical, 
therefore, to call the macrophages of the 
vitreous just like those of the central nervous 
system microglia. 

The existence of macrophages in the hu- 
man vitreous under pathologic conditions is 
nothing new, of course. In this paper, how- 
ever, we hope to have helped you to see 
where these cells come from, how they work 
and how they should be classified. 


SUMMARY 


The reaction of microglia emigrating from 
the retina into the vitreous is demonstrated 
histologically in all its phases in the example 
extensive vitreous exudate 


of a case of 


caused by a retinal neoplasm. 
Eye Clinic 
University of Michigan Medical Center. 
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INTRODUCTION 


Theories as to the etiology of amblyopia 
(also called amblyopia ex anopsia, strabis- 
mus amblyopia, and amblyopia without oph- 
thalmoscopic signs) may roughly be divided 
into two groups depending upon whether 
the primary defect is postulated in the cere- 
bral cortex’ or in the retina.>* Wald and 
Burian' who are among the most lucid ad- 
vocates of the former position described 
measurements on five cases in whom the ab- 
solute threshold foveally and peripherally in 
both rods and cones, light adapted, and dark 
adapted were perfectly normal. They regard 
the dissociation of form vision and light per- 
ception as characteristic of the vision of 
amblyopic eyes. 

Studies of the critical flicker frequency in 
amblyopia have also been made. Unfortu- 
nately, the available data in this regard are 
equivocal. Miles* repeated some of the ex- 
periments of Teraskeli’ who found in the 
amblyopic eye a reduction of “the normal 
trend” for the critical flicker frequency in 
the center to be somewhat lower than in an 
area 10 degrees into the peripheral field. 
Miles obtained a similar result. 

On the other hand Feinberg* found that 
in the normal eye the critical flicker fre- 
quency was highest at the center of the field 
but decreased the farther out into the pe- 
ripheral field one moved. In amblyopia the 
critical flicker frequency in the peripheral 
field was frequently as high as that in the 
center because the central critical flicker fre- 
quency was reduced in the amblyopic eye. 

*From the Department of Ophthalmology, Uni- 
versity of Michigan. Assisted by Grant B-1578 from 
the National Institute of Neurological Diseases and 
Blindness of the United States Public Health Serv- 
ice, to Prof. Harold F. Falls for the psychophysical 
studies of ocular abnormalities. We gratefully ac- 
knowledge the advice of Dr. Falls and the technical 
assistance of Gilbert B. Lee. 


CENTRALLY FIXED FLICKER THRESHOLDS IN AMBLYOPIA* 


MatTHEwW ALPERN, PuH.D., Donatp B. FLirman, M.D., AND 
Ropert H. Josepn, M.D. 
Ann Arbor, Michigan 
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Alpern and Spencer showed that the nor- 
mal foval critical flicker frequency is the 
highest of all whenever the fluctuations in 
entrance pupil size are not allowed to influ- 
ence the amount of light which reaches the 
retina but not otherwise. Feinberg also found 
that only the critical flicker frequency for the 
fovea was influenced by the amblyopia and the 
effect of the amblyopia was always a reduc- 
tion in foveal critical flicker frequency, On 
the other hand both Teraskeli and Miles re- 
port cases in which the central critical flicker 
frequency was higher in the amblyopic eye 
than in the normal eye, other cases in which 
the reverse was true, and still other cases in 
which no difference between foveal critical 
flicker frequency could be found in the two 
eyes. 

The discrepancy between these findings 
might be explained by the fact that the criti- 
cal flicker frequency increases with the 
amount of light reaching the retina. Harms” 
has shown that the pupillomotor sensitivity 
of the center of the field is reduced in am- 
blyopic eyes. With this decreased sensitivity 
a centrally fixed flicker stimulus would re- 
sult in a wider pupil. This wider pupil would 
increase the retinal illuminance in the am- 
blyopic eye. This would result in a tendency 
for the central critical flicker frequency in 
the normal and amblyopic eyes to be more 
nearly the same in the experiments of 
Teraskeli’ and Miles* who made no attempt 
to control for fluctuations in pupil diameter. 
On the other hand Feinberg used a small ar- 
tificial pupil in all of his experiments, and 
this source of error was thus avoided. 


EXPERIMENTAL 


Six young adult amblyopic patients were 
used in the present study. All of these pa- 
tients were given a thorough ophthalmologic 
examination. A summary of the pertinent 
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ophthalmologic data is presented in the ap- 
pendix. 

The study was divided into two parts. In 
the first part measurements were made un- 
der conditions which were more or less typi 
cal for flicker perimetry and roughly cor- 
respond to conditions employed by Miles 
and to a less extent those of Teraskeli. In 
the second part measurements were made 
under more rigorously controlled laboratory 
conditions. Four of the six patients were 
subjects for both experiments. Of the other 
two patients, one was a subject only for the 
first experiment while the other was a sub- 
ject only for the second. Thus, five subjects 
were studied in each experiment. 
EXPERIMENT I 

The standard flicker perimeter of the Eye 
Clinic at University Hospital was employed 
for this experiment. This apparatus has al- 
ready been described." It consists of a neon 
glow lamp which can be pulsed at various 
rates by a General Radio Company Strobo- 
tac. This lamp was fixated centrally in an 
otherwise darkened field. No other attempt 
was made to control adaptation in these ex- 
periments. Measurements were made alter- 
nately of central critical flicker frequency 
first of the normal then of the amblyopic 
eye. 

Measurements were made by starting 
with a light pulsing above the critical flicker 
frequency, and reducing its rate of alterna- 
tion until the first appearance of flicker ; this 


Without Artificial Pupil 


Mean Mean 
Crs. 
Normal Amblyopic 
Eye Eye 


P. 3. 16 41.94 41.12 0.82 0.388 


R. M. 31 45.64 45.41 0.23 0.664 
P. kK. 40 47.77 47.14 0.63 0.373 
A. M. 29 46.48 46.10 0.38 0.454 
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TABLE 1 
CLINICAL MEASUREMENTS OF FLICKER THRESHOLDS WITH AND WITHOUT ARTIFICIAL PUPIL 


IN NORMAL AND AMBLYOPIC EYES 


Diff. 


42.46 0.24 0.360 
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point was bracketed several times but the 
final threshold was at the point of the first 
appearance of flicker. In a rather detailed 
study of the psychophysical problems of de- 
terminations of critical flicker frequency 
Maheneke™ has shown that this method 
gives very reliable measurements. Measure- 
ments made in this way compare well with 
those obtained by the constant stimulus pro- 
cedure. 

A series of measurements in two separate 
sessions were obtained of the critical flicker 
frequency both with and without a small 
(1.0 mm. in diameter) artificial pupil before 
the patient’s eye. All measurements were 
made monocularly, the other eye was oc- 
cluded during the testing. 

The results of this experiment are sum- 
marized in Table 1. When no artificial pupil 
was employed in any given subject the meas- 
urements were quite varied. Hence, the 
critical flicker frequency for the amblyopic 
eye after any given measurement, taken im- 
mediately before or after might be higher, 
equal to, or lower than that of the normal 
eye. On the average no significant difference 
was obtained between the critical flicker fre- 
quency in the normal and that in the ambly- 
opic eye. On the other hand when a 1.0 mm. 
artificial pupil was centered in front of the 
eye the critical flicker frequency was con- 
sistently (and, using the simple sign test, 
significantly) lower than the critical flicker 
frequency of the normal eye. All of these 
findings were essentially the same in each of 


Eye Eve 


16 33.25 30.81 2.44 0.001 


33 41.39 39.87 1.$2 0.001 
40 37.55 35.48 2.07 0.001 
29 36.48 31.97 4.51 0.001 


29 37.37 36.55 0.82 0.012 


| 
With Artificial Pupil 
4 Mean Mean 
Subj. N. C.F.F 
Normal Amblyopic 
M.A. 3000 42.70 
4 
: 
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the subjects studied so that while individual 
differences in the absolute value for the crit- 
ical flicker frequency were found the trends 
were always identical. 

These results strongly suggest that if one 
avoids the contaminating influence of de- 
creased pupillomotor sensitivity in ambly- 
opia (Harms) the critical flicker frequency 
for the center of the field is always lower in 
the amblyopic eye than in its normal fellow. 
It is necessary, however, to exert a note of 
caution since the measurements just re- 
ported were all made at a single intensity of 
the flickering stimulus and it is not possible 
to generalize these findings to the entire 
gamut of intensities. 

A number of other complications are, 
moreover, present with the apparatus em- 
ployed for the measurements reported in 
Table 1. Perhaps the most important one is 
the appearance of flickering stimulus in a 
totally dark field. Thus, when such measure- 
ments are made it is subject to the probabil- 
ity that small eye movements will present 
the flickering stimulus to a region of the 
retina previously stimulated only by dark- 
ness. Furthermore, it is difficult if not im- 
possible, with this form of the apparatus to 
exert an adequate control over the adapta- 
tion state of the eye. The influence of adap- 


tation on critical flicker frequency measure- 
ments is well known.” 

Still a third complication is the fact that 
frequency variation in the strobotac is 
achieved by variation of the duration of the 
off phase of the flickering cycle. Hence, dif- 
ferent critical flicker frequency values are 
represented by different on/off ratios and 
the physiological interpretation of the data 
becomes rather complicated. 

For these reasons a second series of ex- 
periments were carried out in which factors 
known to influence flicker thresholds were 
controlled as carefully as possible. 


EXPERIMENT II 


The apparatus of this experiment is iilus- 
trated in Figure 1. The source S; was an 


- 


automobile headlamp operated at 6.0 v., 2.5 


amp. of direct current which was main- 


tained steady by a battery eliminator con- 


nected in parallel with two 6.0-v. automobile 
batteries. The current to the lamp was moni- 
tored by a sensitive ammeter and was always 
maintained at a constant value by adjust- 
ments, when necessary, of the resistance in a 
rheostat which was connected in series with 
the lamp. Light from the filament of the 
source was focused on a small 2 mm. aperture, 
and immediately after emerging from this 


Fig. 1 (Alpern, Flitman and Joseph). Line drawing of the apparatus used in 
the second series of experiments. 
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aperture was interrupted by a sectored disc 
(on/off ratio = 1.0) which was mounted to 
a variable speed friction drive apparatus 
driven by a constant speed motor. The rate 
of rotation of this disc could be determined 
almost immediately by a_ strobotac. An 
image of the aperture A, was formed at 
aperture A, (a small 1.4-mm. aperture 
which was immediately in front of the sub- 
ject’s eye). This provided a Maxwellian 
view of the flickering stimulus of high in- 
tensity. Wratten neutral density (No. 96) 
filters could be placed in the beam and thus 
vary the luminance of the stimulus. The 
aperture 4, was mounted in the eyepiece of 
a Macbeth Illuminometer and this provided 
a six-degree surround which was maintained 
equal to that of the Talbot luminance of the 
flickering light as long as this latter was 
equal to or less than 25 ft.-L. (for higher 
levels the surround was maintained at 25 
ft.-L.). A variable neutral density wedge 
(W) was also mounted in the beam. 

The subject was first allowed to remain in 
the dark for 30 minutes before any measure- 
ments were made. He then carefully fixated 
the center of the field monocularly at the 
lowest level (Talbot retinal illuminance = 
0.02 trolands) and a measurement of critical 
flicker frequency was made (using the same 
psychophysical procedure described in Ex- 
periment I) as quickly as possible. The ob- 
server then shifted positions so that his 
other eye then fixated the center of the field 
and a second measurement was made. The 
entire process was then repeated. After this 
the light level was increased by one third 
of a log step (to 0.0706 trolands). The ob- 
server first adjusted the Macbeth Illumi- 
nometer so that the surround luminance was 
equated to the Talbot luminance of the flick- 
ering field and then adapted for a few mo- 
ments to this new light level. Following 
this the entire process was repeated in ex- 
actly the same way as that used at the lower 
level. In this way critical flicker frequency 
was determined alternately for each eye over 
a gamut of intensities extending to almost 


seven log units in one-third log steps. The 
entire process was repeated separate days in 
all but one case for a total of three times and 
for P.S. for a total of two times. 

The results of these experiments on each 
eye of each observer are summarized in Fig- 
ure 2. In the figure the ordinates are values 
of critical flicker frequency and the abscis- 
sae are values of the logarithm of the Talbot 
retinal illuminance in trolands. The data for 
observer M.A. are properly positioned on 
the graphy while those for R.M. are shifted 
2.5, those for M.D. are shifted 5.0, those for 
P.S. are shifted 7.5, and those for A.M. are 
shifted 10 log units to the right along the 
abscissa. 

It is clear from the results in this figure 
that the same general equation describes the 
relation between the critical flicker fre- 
quency and the intensity of the flickering 
stimulus for each observer both in the nor- 
mal and the amblyopic eye. Over a wide 
range of luminances the Ferry-Porter equa- 
tion, that is 

c.f.f.=k log I+b, (1) 
adequately describes the data. In this equa- 
tion k and > are constants whose numerical 
values depend upon the subject and the 
units employed, and I is the Talbot retinal 
illuminance. At both extremely high and 
extremely low light levels the Ferry-Porter 
equation is inadequate. In the former case 
it underestimates and in the latter case it 
overestimates the critical flicker frequency. 
These results also show that while the criti- 
cal flicker frequency for the amblyopic eye 
follows the same general trend as that of 
the normal eye the constants of the Ferry- 
Porter equation in the two eyes of any given 
observer are usually slightly different. This 
result is emphasized in Table 2 which pre- 
sents the constants k and/b obtained for Eq. 
(1) in the normal and amblyopic eyes of 
each observer. 

The value of & in Eq. (1) represents the 
rate of change of critical flicker frequency 
with change in the logarithm of retinal il- 
luminance. It is seen from the table that the 
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MA 
P<0.00! 


CRITICAL FLICKER FREQUENCY (FLASHES /SEC) 
3 


Fig. 2 (Alpern, Flitman and 
Joseph). The relation of critical 
flicker frequency and intensity for 
the center of the visual field in the 
normal (closed circles) and ambly- 
opic (open circles) eyes of five 
subjects. The curves for M.A. are 
properly positioned on the graph, 
while those for the other subjects 
are shifted to the right on the 
abscissa axis: R.M. 2.5 log units; 
M.D. 5 log units; P.S. 7.5 log units 
and A.M. 10 log units. The sta- 
tistical statements made on each set 
of curves are the possibility that the 
discrepancy observed could have oc- 
curred by chance based on a non- 
eeNORMALEYE parametric (simple sign) test. It 
-oAMBLYOPICEYE should be emphasized that these 

statistics were based on the data 
from the entire gamut of intensi- 
ties, and are consequently conserva- 


10 


value of k is very slightly smaller in the am- 
blyopic eye than in the normal eye for each 
of the observers. The value of b represents 
the critical flicker frequency value when 
logarithm of intensity is equal to 0. Again, 
while individual differences in observers are 
apparent the value of b is larger in the nor- 
mal eye than in the amblyopic eye in each 
case. 

The differences in the constants of the 
Ferry-Porter equation in the normal and 
amblyopic eyes are small but in both cases 
the probability that such differences could 


have occurred by chance is very slight (p = 


TABLE 2 


CONSTANTS OF THE FERRY-PORTER EQUATION IN 
NORMAL AND AMBLYOPIC EYES 


(c.f.f.=k log I1+b) 


Subj. Normal Eyes Amblyopic Eyes 
k b k b 
M. A. 13.20 19.3 13.05 16.9 
R. M. 12.20 413.2 11.85 10.9 
M. D. 9.20 21.0 8.70 20.4 
P. S. 9.27 24.9 9.20 23.7 
A. M. 9.35 17.9 9.10 14.9 

10.64 19.26 10.35 17.36 


@.)1.2 4 886 8 
LOG TALBOT RETINAL ILLUMINANCE (TROLANDS) 


tive estimates of the significance of 
the difference in critical flicker fre- 
quency values in normal and ambly- 
opic eyes for the intensities for 
which differences were found (that 
is, intensities above 0.2 trolands). 


2 13 14 


0.031; test). 
shows that at any given intensity the critical 
flicker frequency is slightly smaller in the 
amblyopic eye than in its normal fellow for 
the center of the visual field. This statement 
is true over the range of intensities for which 
the relation between critical flicker frequency 
and logarithm of intensity is linear. 


simple sign This analysis 


Examination of the data in Figure 2 
shows that the statement is also true for all 
higher intensities as well. As a matter of 
fact, due to the slightly smaller slope of the 
lines for the amblyopic eyes the effect of 
increasing intensity is to increase the dis- 
parity in critical flicker frequency between 
the normal and amblyopic eyes. On the other 
hand when the intensity is so low that the 
Ferry-Porter equation begins to underpre- 
dict the critical flicker frequency then the 
trend is less obvious. Four of the cases show 
little if any difference in the critical flicker 
frequency of the normal and the amblyopic 
eye at these low levels. In one case (A.M.) 
the critical flicker frequency in the ambly- 
opic eye at these low levels is higher than in 
the normal eye. 
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Discussion 

The results of these experiments empha- 
size that when fluctuations in pupil diameter 
are prevented from interfering with the 
amount of light which reaches the retina the 
critical flicker frequency is higher in the 
normal eye than in the amblyopic eye in the 
center of the visual field for all levels higher 
than 0.2 trolands. Reports of previous in- 
vestigators of different results can be attrib- 
uted to their failure to control fluctuations 
of pupil size and the fact that the pupillom- 
otor sensitivity of the center of the field of 
the amblyopic eye is reduced compared to 
that of its normal fellow (Harms). 

Since the critical flicker frequency in the 
center of the visual field is reduced in am- 
blyopia it seemed important to compare this 
effect with the reduction of the central vis- 
ual acuity which is the major characteristic 
of this entity. In order to do this, measure- 
ments of central acuity at various levels of 
illuminance were made on three of the sub- 
jects (who were still available for testing). 

The test chart was an ophthalmologic 
acuity chart with variable sizes of letters. 
It was illuminated by a 300-watt tungsten 
filament lamp in a 35 mm. slide projector. 
Light level was varied by Wratten No. 96 
neutral density filters in front of the pro- 
jector and/or in front of the eye. Stray light 
in the room was carefully screened from 
entering the subject’s eyes. 

The subject was dark adapted for 30 min- 
utes and then viewed the test chart at the 
lowest light level through a 2.0 mm. in di- 
ameter artificial pupil. The other eye was oc- 
cluded. After adapting to the light level he 
walked toward the chart until he could just 
read a designated size letter and the distance 
of his eye from the chart was recorded to- 
gether with the letter size. Two such meas- 
urements were made in succession. The oc- 
cluder patch and the artificial pupil were 
then interchanged and two similar measure- 
ments were made on the other eye. The level 
of light was increased by one half log step 
and, after the subject allowed his eyes to 
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Fig. 3 (Alpern, Flitman and Joseph). The rela- 
tion of visual acuity and intensity for the center of 
the visual field in the normal (circles) and ambly- 
opic (x’s) eyes of three subjects. The data for 
M.A. are properly positioned on the graph; those 
for R.M. are shifted down on the ordinate scale 
one logarithmic unit while those for M.D. are 
shifted down on the ordinate scale two log units. 


adapt to this new level, the procedure was 
repeated. In this way measurements were 
made over the entire range of intensities 
from the lowest to the highest. 

The results of these experiments are illus- 
trated in Figure 3 which shows the loga- 
rithm of the visual acuity as a function of 
the logarithm of retinal illuminance. At low 
levels the visual acuity in the normal and 
amblyopic eye were essentially the same. 
Increasing the light level was associated 
with an increase in the visual acuity in both 
the normal eye and the amblyopic eye. Over 
a range of intensities the rate of change of 
acuity with illuminance in the two eyes was 
not very different. At levels of illuminance 
(around 0.1 troland) the visual acuity of the 
normal eye became a little better than that 
of the amblyopic eye. While further in- 
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Fig. 4 (Alpern, Flitman and Joseph). Mean 
data of critical flicker frequency and visual acuity 
as functions of intensity for the normal (circles) 
and amblyopic (x’s) eyes. 


crease in intensity was associated with an 
increase in acuity in both eyes the disparity 
in the acuity of the two eyes was accen- 
tuated by the higher light levels.***° 

Figure 4 shows a comparison of the mean 
data of flicker and acuity in the normal and 
amblyopic eyes as functions of intensity. 
The acuity curve shows the greater distor- 
tion in amblyopia than does the flicker 
curve. Nevertheless, the two functions show 
quite similar impairment with this effect. 
The reduction of the critical flicker fre- 
quency in amblyopia, just like the reduction 
of visual acuity, cannot be described as a 
simple shift of the data on the intensity axis 
as one might anticipate if the defect were 
analogous to looking through a neutral filter 
with the amblyopic eye. Nor on the other 
hand was the effect of amblyopia to depress 
the sensitivity of the eye uniformly at all 
luminance levels. On the contrary, the sen- 
sitivity of the center of the field at low levels 
is remarkably similar in normal and ambly- 
opic eyes. Wald and Burian’ found the ab- 
solute threshold of the fovea unaltered in 
amblyopic eyes, and it was for essentially 
this reason that they described amblyopia as 
resulting in the dissociation of form vision 
and light perception. Our experiments sug- 
gest, however, that a more exact description 
would be that amblyopia results in an im- 
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pairment of visual functioning (both acuity 
and flicker discrimination) at moderate and 
high levels of retinal illuminance without 
any impairment of visual function at low 
levels at all. Similar results have been ob- 
tained for brightness discrimination? and 
there seems no reason to doubt the general- 
ity of this conclusion. 

The equality of the sensitivities of the 
two eyes at low light levels which gradually 
gives way to a greater and greater disparity 
in sensitivity, as the intensity is increased, 
would not be anticipated a priori if ambly- 
opia were either a reduction in the rate of 
resynthesis of pigments in,? or a tilting 
of,*** foveal photoreceptors. On the other 
hand, it is now realized that the light sense 
and form vision are not as obviously disso- 
ciated in amblyopia as Wald and Burian 
suggest in their “cortical” theory of ambly- 
opia. It is evident that any conclusive de- 
cision as to the location of the primary de- 
fect in amblyopia is still premature. 

How can this loss of sensitivity of the 
amblyopic eye at high light levels be ex- 
plained? While it is not possible to be ex- 
plicit about this at the present time at least 
two possibilities can be considered. In the 
first place it might be imagined that a few 
rods might have intruded into the central 
two-degree area covered by the retinal image 
of the flickering stimulus in the amblyopic 
eye. The suggestion is brought to mind by 
the double curve relating flicker and inten- 
sity in the amblyopic eye of one of the sub- 
jects (A.M.) Such a curve is characteristic 
of flicker data when the tested retinal area 
contains both rods and cones. 

When the tested retinal area contains only 
cones a single monotonic curve can be drawn 
through the data and this was the usual re- 
sult of the present experiments. However, 
the curves in the amblyopic eyes of the other 
observers might be a milder manifestation 
of the same defect. Another explanation for 
the same result would be that fixation with 
the amblyopic eye is accomplished with a 
region of the retina just slightly eccentric 
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to the center of the fovea (but still well 
within the part of the retina stimulated by 
the central part of the image of the test 
patch). In fact measurements of the pre- 
cision of central fixation using the entopic 
perception of the macula’® revealed a slight 
eccentric fixation in the amblyopic eyes of 
two of the subjects (21’ in M.A.; 18’ in 
R.M.) and centered fixation in their normal 
eyes. (In the only other subject available 
for this measurement (M.D.) a slight ec- 
centric fixation of exactly the same magni- 
tude 20’ and direction was obtained in both 
the normal and the amblyopic eye.) This no- 
tion is in good agreement with a number of 
clinical’? and laboratory measurements on 
amblyopic 

On the other hand, any crucial testing of 
the validity of these speculations and their 
relative merits would require a rather more 
extensive knowledge of the characteristics 
of the chromatic and achromatic senses in 
amblyopic as compared to normal eyes than is 
yet at hand. In view of this fact it seems pru- 
dent to postpone any thorough discussion of 
these problems until studies currently under- 
way in this laboratory (and perhaps else- 
where) are concluded. 


SUM MARY 


When the fluctuations of pupil diameter 
are permitted to influence the amount of 
light reaching the retina then there is no 
obvious difference in the critical flicker fre- 
quency in the center of the field for the nor- 
mal and amblyopic eyes. When, however, 
such fluctuations of retinal illuminance with 
pupil diameter are obviated with an artificial 
pupil then the critical flicker frequency for 
the center of the field is lower in the am- 
blyopic eye than in the normal eye. The 
magnitude of the difference depends upon 
the amount of retinal illuminance, being 
zero at very low light levels but gradually 
increasing as retinal illuminance increases. 
The relation between critical flicker fre- 
quency and intensity in the two eyes in 
amblyopia is quite similar to the relation of 


acuity and intensity, but the magnitude of 
the discrepancy in the latter case is, of 
course, more pronounced. 


3536 Kresge Building. 


APPENDIX 


Summary from the records of the subjects of the 
present experiments: 

R.M., 27-year-old man, with poor vision and right 
esotropia since the age of two years. Treatment of 
patching and exercise but no surgery. Refraction 
(cycloplegia) R.E. —2.50 sphere; L.E. —3.75 
sphere; visual acuity with correction R.E. 20/30; 
L.E. 20/15. Patient has a small angle right esotropia 
with a full range of extraocular movement. Slitlamp 
and ophthalmoscopic examinations of each eye were 
normal. 

M.D., 36-year-old woman, who first noticed poor 
vision in L.E. 10 years ago. The eyes are straight; 
the extraocular movements are full; PCB is good. 
Refraction (cycloplegic) R.E., +3.25D. sph. 2 
+0.5D. cyl. ax. 30°; L-.E., +4.0D. sph. > +1.25D. 
cyl. ax. 145°; visual acuity with correction 20/15 and 
Jaeger 0 R.E.; and 20/40 Jaeger 4 L.E. Ophthal- 
moscopic and slitlamp examinations were normal. 

P.S., 25-year-old man, who has always had poor 
vision in his left eye. Treatment by patching the 
right eye but no surgery. Refraction (cycloplegic) 
R.E. —1.75D. sph., L.E. —1.25D. sph. > +0.5.D. 
cyl. ax. 165°. Visual acuity with correction R.E. 
20/15 and Jaeger 0; L.E. 20/30 Jaeger 4. Examina- 
tion showed normal extraocular movements with a 
remote PCB. There was 204 exotropia for distance 
and 54 exophoria for near. No stereopsis. Slitlamp 
examination was normal. Ophthalmoscopic exami- 
nation R.E. was normal; L.E. showed a blurring of 
the disc and situs inversus vasorum. Visual field 
examination was normal. 

A.M., 24-year-old man, who first noticed poor 
vision in the right eye eight years ago while shooting 
a gun. No history of strabismus. Refraction (cyclo- 
plegic) R.E. +3.75 sphere; L.E. —0.50 sphere, 
+0.25 cylinder axis 155. Visual acuity with correc- 
tion R.E. 20/200—L.E. 20/25 Jaeger 0. Examina- 
tion showed the eyes straight to cover; normal ex- 
traocular movements with a good PCB. Ophthal- 
moscopic and slitlamp examinations were normal in 
each eye. 

M.A., 38-year-old man, who developed an alter- 
nating esotropia at age of three years following 
measles. Treatment consisted of glasses and or- 
thoptics but no surgery. Refraction (cycloplegia) 
R.E. +3.25 sphere +0.75 cylinder axis 100; L.E. 
+3.00 sphere +1.50 cylinder axis 94. Visual acuity 
with correction R.E. 20/15 and Jaeger 0; L.E. 

20/25 and Jaeger 0. Examination revealed a full 
range of extraocular movements with a good PCB 
an alternating esotropia of 124 at far and 184 at 
near with predominantly right fixing eye. Oph- 
thalmoscopic examination of each eye was normal. 
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P.K., 19-year-old woman, with a left esotropia 
since the age of six years. This was treated with 
glasses and orthoptics but no surgery. Refraction 
(cycloplegia) R.E. +1.75D. sph. > +2.0D. cyl. ax. 


amblyopia. Am. J. Ophth., 27 :950-963, 1944. 
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90°; L.E., +5.75D. sph. > +2.0D. cyl. ax. 90°. Vis- 
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There is a growing consciousness that the 
ocular anatomy of the animals used in ex- 
perimental ophthalmology is sufficiently dif- 
ferent from that of man to make the re- 
sults of some experiments quite inadequate 
as a basis for application to human subjects 
or patients. It is also becoming evident as a 
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THE USE OF DOMESTIC ANIMALS FOR EXPERIMENTAL 
OPHTHALMOLOGY * 


Jack H. Prince, F.R.M.S. (ENG.), AND Gorpon L. Ruskett, F.B.O.A.( ENG.) 
Columbus, Ohio 


: Investigation of the nature and course of impaired acuity in amblyopia. Am. J. Optom., 


result of our extensive anatomic dissections 
that there may be animals which have hith- 
erto been ignored but which are easily avail- 
able for special kinds of experiment. 


The anatomic differences between the 
easily available domestic animals and man 
can perhaps be divided into three categories: 

1. There are those which can be used for 
specific experiments that may reveal useful 
information applicable to the human ocular 
system. 
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2. There are those which suggest that cer- 
tain kinds of experiment on any of the ani- 
mals could never be related to the human 
system. 

3. There are features which give no in- 
formation at present, but which appear to 
might 
broaden our knowledge of human ocular 


deserve investigation, and which 
function. 

Dealing with those features which would 
come in the first category we find that the 
sheep is unique in that it should be possible 
to attack the circulation of the 


gland of this animal without entering the 


lacrimal 


orbit. The lacrimal artery is a branch of the 


superficial temporal artery and branches 
from it also pass beyond the gland to give 
rise to some of the anterior ciliary arteries 
and the lateral conjunctival vessels (the 
medial part of the conjunctival loop is de- 
rived from the malaris artery). 

It should be possible to observe the modi- 
fied function or the degeneration of the 


lacrimal gland with an arterial block, and in 
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turn the effect of this on the cornea and 
conjunctiva. The effects of bacterial in- 
vasion in the absence of lacrimation could 
perhaps be studied in this animal. 

A slightly different approach to this ex- 
periment could also be used on the rabbit 
because this animal has a very large lacrimal 
gland which almost completely surrounds 
the globe. Its vascular supply reaches it by 
three distinct routes, and it would be inter- 
esting to evaluate the results of reducing 
lacrimal function by selective interference 
with these arteries. 

Another unique and perhaps useful fea- 
ture is found in the hog. A small sensory 
nerve path from the superior oblique mus- 
cle to the frontal nerve, and from the su- 
perior and medial recti and the retractor 
bulbi muscle to the nasociliary nerve may be 
traced without great difficulty in this animal. 
Two or three fibers also pass from the re- 
tractor bulbi to one of the long ciliary 
nerves. But perhaps most important from 
our point of view is the fact that a branch 
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(Prince and Ruskell). In the hog, the orbital contents are virtually enclosed within a venous 


envelope or sheath. The only point of ingress is anteriorly or where the superior oblique muscle passes 


through it. 
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SCLERAL VENOUS 
PLEXUS 


ARTERY 


Fig. 2 (Prince and Ruskell). The aqueous drain- 
age of the dog is through a scleral venous plexus. 
This illustration shows the iris and corneal angle. 
Other domestic animals have sitnilar drainage sys- 
tems. 


FRONTAL A8 


Fig. 3 (Prince and Ruskell). The 
venous sheath of the rabbit leaves 
the superior oblique muscle outside 
it but encloses all the other ocular 
adnexa. 
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from the motor nerve that serves the in- 
ferior oblique muscle receives a group of 
very fine nerves, evidently sensory, from the 
lateral rectus muscle. This branch passes out 
of the orbit to join the maxillary nerve just 
anterior to the foramen orbitorotundum. This 
again means that we have some limited ac- 
cess to a system without entering the orbit. 

Only by an anterior approach can the or- 
bit of the hog be entered, because most of its 
orbital contents are enclosed within a ven- 
ous sheath or envelope except where it parts 
to reveal the superior oblique muscle. Any 
penetration of this sheath would prove ir- 
remediable because of hemorrhage. 

In the second category covering anatomic 
features of domestic animals which are dif- 
ferent from their counterparts in man, we 
have one very striking example in the source 
of retinal circulation. In man, in whom it 
derives from the ophthalmic artery, there is 
some dispute regarding possible anastomoses 
between the central retinal artery and the 
uveal blood supply (see Frangois and Nee- 
tens,* Wybar*) but it is apparent that there 
are no major anastomoses between these 
systems. In the dog, cat, and rabbit however, 
much used animals for ophthalmic experi- 
ments, the retinal vascularization is derived 
from the ciliary vascular system. In most of 
the animals we have studied the retinal art- 
eries all branch from posterior ciliary art- 
eries so that there is no possible way of iso- 
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lating the retinal system from the choroidal 
posterior to the lamina cribrosa. 

In ophthalmologic experiments with ani- 
mals, although the results may not neces- 
sarily be intended for application to man, a 
precise knowledge of the ocular anatomy is 
nevertheless essential in order to interpret 
these results adequately. 

In all of the domestic animals we have 
dissected the ciliary, and consequently the 
retinal vessels have two origins. Their main 
blood flow is from the external ophthalmic 
artery which is an indirect branch of the ex- 
ternal carotid, but a subsidiary source is via 
the internal ophthalmic artery which is a 
branch of the internal carotid artery. In 
their experiments to determine the retinal 
circulation time by injection of fluorescein 
into the splenic vein, Flocks, Miller, and 
Chao"? found that their “end-points,” that 
is, the moment of entry of fluorescein into 


8 


Fig. 4 (Prince and Ruskell). The rabbit’s retina 
contains multinucleolated ganglion cells (A), and 
giant bipolar cells (B). See arrows in both pictures. 
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Fig. 5 (Prince and Ruskell). The multinucleo- 
lated ganglion cells under higher magnification. 
Sometimes there are up to 10 nucleoli. 


and its exit from the eye, were not discrete. 
In an earlier experiment they had injected 
trypan blue into the internal carotid artery 
and found clearer “end-points.” This dif- 
ference was probably, in part at least, due 
to their selective use of only one of the blood 
routes to the retina (via the internal oph- 


‘thalmic artery) in the latter case but both 


routes in the former (via the internal and 
external ophthalmic arteries). 
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Fig. 6 (Prince and Ruskell). At the top is a sec- 
tion showing the rabbit Bowman's membrane which 
is no more than two microns thick. At the bottom 
is a section through a human retina in which this 
membrane is usually about 12 microns thick. 


A second important area in which these 


animals differ from man is in aqueous 
drainage. This is apparently much more ex- 
tensive in the animals, in fact a canal of 
Schlemm does not appear to exist as such in 
some of them. Instead, there is a system of 
vessels known as a “scleral venous plexus.” 
In the dog this can be about four vessels of 
up to 60 microns in diameter and maybe 
three larger ones up to 180 microns. None 
of them occupy the precise position of the 
canal of Schlemm in man but they are 
served by smaller vessels from the trabecu- 
lar region from which they are displaced by 
almost half the thickness of the sclera. 

In the cat the same system is sometimes 
even more extensive, often as many as nine 


vessels, the larger three of which may be up 
to 200 microns in diameter, and the smaller 
ones from 40 to 70 microns. They accept 
smaller vessels down to eight microns in di- 
ameter. It is usually possible to find some 
blood in the larger vessels, but the smaller 
ones seem free from it. 

Our studies are not sufficiently extensive 
to enable us to comment on the use of ex- 
perimental animals in the determination of 
the rate of aqueous outflow from the eye or 
the nature and rate of transmission of fluids 
through the cornea. We feel that a more ex- 
tensive knowledge of the anatomy of the 
structures of the filtration angle would be 
valuable and we hope to pursue work of this 
nature in the future. 

A curious but obviously important differ- 
ence between some of the domestic armimals 
and man is the presence in the former of 
vascular retes and extensive venous plexuses 
within the orbit. The cat has a large intra- 
orbital vascular rete which has a consider- 
able extraorbital and in which 
most of the ocular blood vessels have their 
origin. The comparative vascular system of 
the dog is much less complex. The venous 
sheath of the rabbit surrounds the intra- 
orbital tissues and any attempted surgery 
outside Tenon’s capsule may produce exten- 


extension 


sive and probably irremediable haemor- 
rhage. 

Sometimes these venous reservoirs or en- 
velopes almost completely enclose the orbital 
contents. As already mentioned, the only 
way into the orbit of the hog, other than 
from the frontal aspect is through a small 
aperture in this venous sheath where the 
superior oblique muscle rises to pass 
through the trochlear and turn toward its 
insertion. The rabbit has much the same 
kind of pattern, and because most of the 
anterior veins of the orbit drain into and out 
of this reservoir, as does the main posterior 
drainage channel from the orbit, it is obvi- 
ous that it is exceedingly vulnerable. 

The rabbit, especially the white rabbit, 
also falls into the third category, in which 
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there are features which deserve further in- 
vestigation. For instance, the white rabbit’s 
retina deserves some careful consideration. 
In the inner nuclear layer there are some 
very large cells, perhaps brush bipolars, but 
more logically giant horizontal cells. They 
are about 22 microns in diameter, and their 
nuclei eight microns. They seem to occur in 
their greatest numbers in the region where 
ganglion cells are scarce, and where there 
are the greatest numbers of outer nuclei. 
Another interesting feature of the retina 
of the white rabbit is the presence of a num- 
ber of clearly multinucleolated cells in the 
ganglion cell layer, where there are also 
some obvious glial elements. The number of 
nucleoli in these cells varies from two to 


10, usually more than the number encount- 
ered in neural cells. The ganglion cells vary 


in size as do those of many other animals. 
There is one kind which range from 12 to 
16 microns in diameter, another which is 
about 20 microns, and in the New Zealand 
rabbit at least, a giant ganglion cell from 27 
to 36 microns in diameter. 

When considering the rabbit, it is also 
necessary for us to remember that the two 
orbits have one common optic foramen, and 
that the medial recti have one common ori- 
gin. The common optic foramen also car- 
ries an anastomosing artery between the 
extensions of the internal ophthalmic art- 
eries of the two orbits. It is important to 
settle a controversy regarding Bowman’s 
membrane in the rabbit. It has been stated 
that this membrane does not exist in this 
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animal, but we have definitely found one. It 
is thin, probably never more than two mi- 
crons thick as against 12 microns in man, 
but it is definitely there. 

Bowman’s membrane is always difficult to 
see in the domestic animals, often being lit- 
tle more than 10 percent of the thickness of 
that of man. This may disguise something 
which may be of considerable value to our 
knowledge of this membrane in man, and 
comparative studies may be desirable. 


SUMMARY 


This paper, which results from work car- 
ried out for the preparation of a book en- 
titled Anatomy and Histology of the Eye 
and Orbit in Domestic Animals, now in 
print, emphasizes the necessity for a greater 
knowledge of the ocular anatomy of animals 
used in ophthalmologic experiments the re- 
sults of which may need to be related to 
man, The domestic animals are divided into 
three categories: 

1. Those which can be used for specific 
experiments that may reveal useful infor- 
mation applicable to the human ocular sys- 
tem. 

2. Those which suggest that certain kinds 
of experiment on any of the animals could 
never be related to the human system. 

3. Those features which give no informa- 
tion at present, but which appear to deserve 
investigation, and which might broaden our 
knowledge of human ocular function. 


1314 Kinnear Road (8). 


REFERENCES 


1. Chao, P., and Flocks, M.: The retinal circulation time. Am. J. Ophth., 46 :8-10, 1958. 
2. Flocks, M., Miller, J., and Chao, P.: Retinal circulation time with the aid of fundus cinophotog- 


raphy. Am. J. Ophth., 48:11 (July) 1959. 


3. Francois, J., and Neetens, A.: Vascularization of the optic nerve pathway. Brit. J. Ophth., 38 :472, 


1954 


4. Wybar, K.: Anastomoses between the retinal and ciliary arterial circulations. Brit. J. Ophth., 40:65 


(Feb.) 1956. 


: 
‘ 
2 
i 


AUTONOMICLIKE EFFECTS OF OCULAR EXTRACTS* 


Morton B. WaITzMAN, PH.D. 
Cleveland, Ohio 


Extensive studies by Ambache*’? have re- 
sulted in the preparation and purification of 
a relatively specific smooth muscle-stimulat- 
ing and pupil-constricting substance in ex- 
tracts of iris tissue from various species. 
This substance has been named “irin.” The 
chemical properties of irin seem to identify 
it closely with ricinoleic acid. Ambache re- 
ports, also, an irinlike substance in the con- 
junctiva and aqueous humor of rabbits fol- 
lowing paracentesis.* 

There are many obvious implications as- 
sociated with the finding of autonomic-mi- 
metic drugs in ocular tissue concerning not 
only the accommodationand pupillary reflexes 
but, also, aqueous humor dynamics. These 
drugs could stimulate intraocular muscle sys- 
tems directly and could help regulate, also, 
patency of intraocular vessels concerned 
with both aqueous formation and aqueous 
drainage. It seemed judicious, therefore, to 
pursue further the work of Ambache and 
examine the autonomic-like effects of (1) 
not only whole iris tissue but, also of (2) 
the iris dilator pupillae, of, (3) the iris 
sphincter pupillae, of (4) ciliary muscle tis- 
sue, and of (5) ciliary process tissue. Ob- 
servations of autonomic-like 
effects of these various tissue extracts re- 
sulted. 


interesting 


METHODS 


1. All assay procedures were performed on 
rat colon in a 37.5°C., 35 ml. muscle bath, 
and in the presence of oxygenated de Jalon 
solution. All extracts were prepared from 
hog eyes. 

2. Dissection of the tissues. The eyes were 
prepared for dissection as previously de- 


* From the Laboratory for Research in Ophthal- 
mology, Western Reserve University, Cleveland 6, 
Ohio. Presented in part at the East-Central Section 
Meeting of the Association for Research in Oph- 
thalmology at Ann Arbor, Michigan, January 4, 
1960. 


scribed.* Sphincter pupillae and dilator pu- 
pillae were dissected from (the same) eyes 
at one time, and ciliary muscle, ciliary proc- 
ess, and whole iris tissue were dissected 
from (the same) eyes at other times. The 
dissections were arranged in this manner 
because of the necessarily laborious and time 
consuming procedures involved. It was, of 
course, desirable not to prolong the dissec- 
tion for obvious reasons of tissue decom- 
position. It should be made clear that the 
sphincter pupillae dissection involved the 
removal of an approximately 1.0 to 1.5-mm. 
strip of sphincter tissue around the central 
(pupillary) edges of the iris. When this was 
removed, the remainder of the iris was 
teased away, so that what we refer to as 
dilator pupillae is really dilator pupillae plus 
remnants of sphincter pupillae. The ciliary 
process dissection was according to the meth- 
ods previously described.* After these ciliary 
processes were removed, the attached rem- 
nants were cleared away as cleanly as possi- 
ble. The whole iris was then teased away 
with forceps. Following this, the ciliary mus- 
cle was, also, teased away with forceps. It 
should again be made clear that what is re- 
ferred to as ciliary muscle consisted of rem- 
nants of unremoved ciliary process and of 
remnants of unremoved iris, as well as cil- 
iary muscle. 

3. Preparation of extract. A modification 
of the procedure used by Ambache* was 
employed for our tissue extractions. After 
tissue was dissected, it was usually frozen 
until needed. Freezing of the fresh tissue did 
not seem to alter the potency of the extracts 
tested. The thawed or fresh tissue was cut 
into small bits with a fine scissors. This 
preparation was done in a 3°C. cold room. 
The macerated tissue was then transferred to 
a Teflon pestle glass homogenizer which was 
in turn placed in a jar loaded with cracked 
ice. The tissue was then homogenized (100 
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mg./ml. in the presence of a neutral aqueous 
solution, adjusted to pH 7.0 with weak so- 
dium bicarbonate solution) to a very fine 
suspension by attaching the steel shaft of 
the pestle to a medium-speed power drill- 
press. The preparation was then transferred 
to a lusteroid centrifuge tube and spun for 
ten minutes at 2,000 rpm. It should be clari- 
fied that if the muscle tissues were not first 
macerated with scissors, then complete 
grinding with the Teflon pestle was not pos- 
sible. The ciliary process tissue did not re- 
quire this maceration treatment prior to the 
homogenization. The supernatant was de- 
canted-off and frozen at —30°C. for one to 
three days and then thawed, at which time 
the centrifugation procedure was repeated. 
The supernatant from the latter procedure 
was adjusted to pH 2.2 with weak hydro- 
chloric acid solution. To this was added an 
equal volume of ether. Following vigorous 
mixing, the ether fraction, which now con- 
tains the active extract desired, was removed 
and transferred to a glass container. The 
ether was driven off by a current of air and 
the residue which was left behind was then 
mixed with de Jalon solution so as to restore 
the original volume of the homogenized 
whole tissue suspension. 


RESULTS 


1. The effects of ciliary process and iris 
extracts are illustrated in Table 1. While 
ciliary process extracts clearly increased 
muscle tone, these effects are reversed by 
atropine. Iris effects are generally un- 
changed in the presence of atropine. Ciliary 
process and whole iris in the same system 
seemed to behave in a more than additive 
fashion. If atropine is added this effect is 
markedly reduced. The atropine effects on 
ciliary process and iris extracts are illustrated 
in Figure 1. 

2. Sphincter and dilator pupillae and cili- 
ary muscle effects are shown in Table 2. 

a. Sphincter pupillae extract seems to have 
little effect on muscle tone, but it does, after 
a short latency period, seem to induce 
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TABLE 1 


HOG CILIARY PROCESS AND HOG IRIS EXTRACT 
EFFECTS ON RAT COLON 

Tissue Wet 
Weight 

Equivalent 
in Final 
Extract 

(mg.) (re- 
peated 

additions) 


Cumu- 
lative 
% In- 
crease 

over Pre- 
treatment 
Tone 


Order of Addition 
of Drug or Tissue 
Extract 


Experi- 
ment 


Process 


Atropine 5X 1077 M 


Process 
Process 
Atropine 510-7 M 
Process 


Process 


Process 


Whole iris 


Whole iris 
Whole iris 
Atropine (10~* M) 


Whole iris 
Atropine (10~* M) 


Iris 

Iris 

Atropine 5X 10-7 M 
Iris 

Atropine 5X 10-7 M 
Process 


* High amplitudes of contraction. 

Horizontal lines indicate use of a new muscle or a 
washed muscle. Muscle bath and all solutions made 
with de Jalon’s solution. O2 bubbled in bath. 


greater frequency of contractions. Results 
similar to this have been observed in other 
systems having three times the amount of 
sphincter pupillae extract. Sharp rises in con- 
traction were observed, however, when doses 
markedly exceeded this level. 

b. The results indicate, too, that when 
sphincter pupillae extracts are added to di- 
lator pupillae extracts a marked response 
occurs, 

c. The dilator pupillae effects are clearly 
different, and greater than, the sphincter 
pupillae effects. These sphincter and dilator 
pupillae effects are illustrated in Figure 2. 

3. Ciliary muscle extracts clearly induce 
marked increases in muscle tone (table 2). 


12 563 18 
18 300 7 
+ 200 10 
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‘ 13 428 9 
: 3 564 4 
6 400 8 
130 22* 
18 300 24 
22 
12 634 35 
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503 16 
16 500 7 
— 10 
500 12* 
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Fig. 1 (Waitzman). Atropine 
effects on hog ciliary process and 
hog iris extracts. (CP) ciliary 
process, (ATR) atropine, (%) fig- 
ures indicate the maximum percent 
increase of a given treatment over 
pretreatment tone. 


WASH 


Fig. 2 (Waitzman). Smooth muscle-stimulating action of sphincter and dilator pupillae extracts. (%) 
figures indicate the maximum percent increase of a given treatment over pretreatment tone. 


ATR. 
5X107M 


CIL.MUSC. 25 % 


300 mg. 
21% 


CIL.MUSC. 
300 mg. 
34 % 


Fig. 3 (Waitzman). Nonreversing influence of atropine on ciliary muscle extracts. (%) figures indicate 
the maximum percent increase of a given treatment over pretreatment tone. 


This ciliary muscle effect is not reversed by 
atropine nor, when this effect reached an ap- 
parent peak with several additions of ciliary 
muscle extract, is the effect further modified 
by either iris or ciliary process preparations. 
The nonreversing influence of atropine on 
ciliary muscle extract is shown in Figure 3. 
The fact that atropine does not reverse the 
effect of ciliary muscle extract but does re- 
verse the effect of acetylcholine added to the 
same system is shown in Figure 4. It seems, 
in fact, that atropine has a slight enhancing 
effect on ciliary muscle extract systems. 

In experiments with extracts that had 
been made to the final stage with de Jalon 
solution and then frozen for 24 hours and 
thawed just prior to assay, activity seemed 
unaffected. The assays being reported here 
were, however, always done with fresh prep- 


aration immediately following the ether ex- 
traction phase. 

Rabbit aqueous humor which was acidi- 
fied, extracted with an equal volume of ether, 
and the ether residue taken up with a similar 
volume of de Jalon solution, showed no 
smooth muscle activity effects. 

Discussion 

The results with repeated experiments 
were at times variable, but this has not af- 
fected the nature of the findings. Future 
studies will include attempts to seek the 
causes of these variations. 

One can only speculate as to the signifi- 
cance of the above findings. It is clear that 
extracts of the whole iris do not behave the 
same as extracts from its two major compo- 
nents. It is of great interest that the sympa- 
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Fig. 4 (Waitzman). Combined 
atropine-acetylcholine effects on cil- 
iary muscle extract system. (%) 
figures indicate the maximum per- 
cent increase of a given treatment 
over pretreatment tone. (ACh) the 


CIL. MUSC. 
400 mg. 
16 % 


percent of acetylcholine added. | 


thetically innervated dilator pupillae pro- 
duces substances which have a profound ef- 
fect on the parasympathetically activated rat 
colon muscle, and that the parasympatheti- 
cally innervated sphincter pupillae has much 
less an effect on this same muscle prepara- 
tion. It is possible to conceive of a sympatho- 


mimetic substance in the iris being released 


TABLE 2 


RAT COLON-STIMULATING EFFECT OF 
COMBINED OCULAR EXTRACTS 


Tissue Wet 
Weight 
Equivalent 
in Final 
Extract 
(mg.) (re- 
peated 
additions) 


Cumu- 
lative 
% In- 
crease 
over Pre- 
treatment 
Tone 


Order of Addition 
of Drug or Tissue 
Extract 


Experi- 
ment 


15 Sphincter pupillae 1* 
Dilator pupillae 26 


Dilator pupiilae 


Ciliary muscle (c.m.) 
Atropine 5107-7 M 


Ciliary muscle 
Atropine 5107-7 M 
Ciliary muscle 
Ciliary muscle 
Atropine M) 
Whole iris 


Process 


Process 
Ciliary muscle 
Ciliary muscle 


Ciliary muscle 
0 .00014°% Ach 
Atropine 510-7 M 


* Greater frequency of contraction after latency of 
about 20 seconds. 

+t Marked reduction of contraction amplitudes. 

Horizontal lines indicate use of a new muscle or a 
washed muscle. Muscle bath and all solutions made 
with de Jalon solution. O2 bubbled in bath. 
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by the parasympathomimetic substance (or 
substances) of the iris, the former substance 
in turn acting on the regulation of blood 
vessel patency, or acting in some other man- 
ner. Pressor-effect assays on iris extracts 
are contemplated. 

Concerning the ciliary muscle extracts— 
one cannot be sure of the physiologic role of 
this preparation, but, undoubtedly, it plays a 
role related to one or more functions. These 
could be some humoral effect related to the 
accommodation reflex, to regulation of vas- 
cular patency or, perhaps, to regulation of 
patency of drainage channels for aqueous hu- 
mor. As was stated, Ambache* did report an 
irinlike substance in aqueous humor in eyes 
which had been subjected to paracentesis. 
Whether such a substance was going to or 
coming from its site of action is not clear, 
but we contemplate studies to clarify this 
point. We were, however, not able to detect 
activity in aqueous from postmortem rabbit 
eyes. 

The acetylcholinelike nature of extracts 
from ciliary process might be of special in- 
terest. This was the only extract tested, the 
effect of which was reversed by atropine. 
The significance of this in relation to aque- 
ous production will be studied further. 


SUMMARY 


1. Parasympathomimeticlike effects, not 
acetylcholinelike in nature, are described for 
extracts of dilator pupillae, ciliary muscle, 
and iris tissues from hog eyes. 

2. Parasympathomimetic effects which are 
acetylcholinelike are demonstrated for ex- 
tracts of hog eye ciliary processes, 


ATR. 

5X10°7M 

ACh 

| 

1S 200 12 

; 18 500 52 

48 

16 300 21 

‘ 25 

: 300 34 

500 42 

45 

: 200 45 

200 45 

a 18 280 5 

200 16 

200 

16 400 167 

62 

19 
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3. The possible significance of the above 
findings are discussed. 


2065 Adelbert Road (6). 


WAITZMAN 


The helpful suggestions of Dr. E. J. Ballintine 
and Dr. E. Q. Adams and the technical assistance of 
Mr. Ronald Posner and Miss Marilyn Reich are 
acknowledged with thanks. 


REFERENCES 


1. Ambache, N.: Properties of irin: A physiological constituent of the rabbit's iris. J. Physiol., 135: 


114-132, 1957. 
? 


1959. 


Ophth., 42 :349-356, (Oct. Pt. 11) 1956. 


-: Further studies on the preparation, purification and nature of irin. J. Physiol., 146 :255-294, 


3. -: Trigeminomimetic action of iris extracts in rabbits. J. Physiol., 132:49P, 1956. 
4. Ballintine, E. J., and Waitzman, M. B.: Oxidative phosphorylation by ciliary processes. Am. J. 


CLINICAL EXPERIENCES WITH THE PHOTOCOAGULATOR* 


Wittiam H. Havener, M.D. 
Columbus, Ohio 


Little has appeared in the American lit- 
erature concerning Meyer-Schwickerath’s 
photocoagulator. This is surprising, since 
the instrument represents a remarkable ad- 
vance in ocular treatment. Basically, the 
photocoagulator (fig. 1) is an intense source 
of light from the visible portion of the spec- 
trum, precisely focused, and ingeniously 
controlled so that therapy can be carried out 
under constant ophthalmoscopic observation. 
The desired therapeutic effect results when 
this intense light is absorbed by a pigmented 
structure, and is thereby transformed into 
heat. The result varies from a slight chorio- 
retinal inflammation and subsequent adhe- 
sions, to the explosive vaporization which 
can blast a new pupil through the center of 
an updrawn iris. Variable voltage, an ad- 
justable diaphragm, a series of apertures of 
different sizes, and control of the time of 
exposure permit the operator to achieve any 
desired intensity of treatment. 

The two most effective uses of photoco- 
agulation are the creation of chorioretinal 
adhesions in an area where the retina and 
choroid are already in contact with each 
other, and the formation of a new pupil in 
the center of an updrawn iris. In addition, 
some types of unwanted tissue can be de- 
stroyed (neoplasm, inflammation). 


* From the Department of Ophthalmology, Ohio 
State University. 


Chorioretinal adhesions cannot be 
achieved unless these two tissues are touch- 
ing each other, any more than two sheets of 
metal can be welded together if they are not 
in contact. This means that a detached por- 
tion of retina cannot be effectively reat- 
tached with photocoagulation. 

The ideal case for photocoagulation is 
that of a patient who has just developed a 
symptomatic retinal hole which has not yet 
produced a detachment (fig. 2). Such a pa- 
tient consults his physician because of the 
typical premonitory symptom of sudden on- 
set of floating opacities. These opacities are 
usually due to slight vitreous hemorrhage, 
the extent of which is determined by the size 
of the blood vessels disrupted by the retinal 
break. Floaters may also represent pigmen- 
tary or cellular debris, an operculum, or con- 


Fig. 1 (Havener). The photocoagulator. 
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Fig. 2 (Havener) 
3 days following onset of 
photocoagulation 


densations in the vitreous. Development of 
a retinal hole can be differentiated from the 
symptomatically similar, and far more com- 


mon, posterior detachment of the vitreous 


only by very careful ophthalmoscopy (pref- 
erably indirect) through a well-dilated pupil. 
Both of these entities may produce Foster 
Moore’s subjective lighting streaks. Vitre- 
ous hemorrhage of sufficient magnitude to 
be observed with the slitlamp commonly re- 
sults from a retinal tear, and only very 
rarely from posterior vitreous detachment 
unassociated with a retinal tear. 

While it is recognized that asymptomatic 
holes may be found during routine clinical 
examination and in study of autopsy eyes, 
and that occasional symptomatic holes are 
followed for a long period of time without 
development of detachment, nevertheless it 
is definitely desirable to seal symptomatic 
holes with photocoagulation. This conclusion 
is inescapable when the almost insignificant 
risk of photocoagulation is balanced against 
the high incidence of detachment following 
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Inset: a peripheral retinal tear with minimal surrounding detachment, as observed 
a small vitreous hemorrhage. Main picture: same lesion after sealing by 


such retinal tears, and the relatively poor 
prognosis of detachment surgery in even the 
most expert hands. Because of macular in- 
volvement, subsequent development of addi- 
tional holes, surgical failure, and other com- 
plicating factors, more than a third of eyes 
suffering detachment are not restored to 
reading vision. Significant statistics con- 
cerning the incidence of detachment from 
untreated symptomatic holes are almost im- 
obtain. Reasoning backward 
from detachment patients does not provide 
such statistics but certainly indicates the 
great frequency with which symptoms char- 
acteristic of retinal hole formation precede 


possible to 


actual detachment. 

Prophylactic photocoagulation of suspi- 
cious pigmented or latticelike areas in the ab- 
sence of holes is not indicated unless detach- 
ment has already occurred in the same or 
fellow eye on the basis of a similar lesion. 
A variety of lesions (for example, focal 
chorio-retinal atrophy) may somewhat sim- 
ulate a retinal hole. Use of indirect ophthal- 
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Fig. 3 (Havener). This patient with degenerative 
myopia and an inferior detachment had four holes 
in the detachment and three superiorly in the flat 
retina. Scleral infolding below was supplemented by 
photocoagulation of the three upper holes, thereby 
reducing the amount of surgery necessary. 


moscopy with scleral depression and the 
three-mirror Goldmann retinal prism are the 
two most accurate methods of differentiat- 
ing a true retinal hole from simulating 
lesions. Macular holes are usually not 
through-and-through lesions and, therefore, 
the majority should not be coagulated. 
Another important use for photocoagula- 
tion is as a supplement to standard surgical 
procedures for retinal detachment. Figure 3 
illustrates such a case in which seven holes 
were present. The four inferior holes were 
in a detached area and were sealed by a 
standard scleral infolding surgical procedure. 
Photocoagulation sealed the upper three 
holes, which were within a still-attached ret- 
inal area, without the necessity of surgical 
trauma in the upper portion of the eye. Such 
supplementary photocoagulation can be ap- 
plied before or after surgery. Not infre- 
quently during the postoperative period, the 
surgeon wishes he had applied a little more 
diathermy in a critical area. With the photo- 
coagulator, precise placement of this addi- 
tional treatment is possible, and may make 
the difference between success and failure. 
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Sometimes an isolated peripheral area will 
develop a recurrent detachment after several 
temporarily successful operations. If this 
recurrent detachment is partially walled off 
and relatively small, photocoagulation may 
be used to create a barrier which will pre- 
vent further extension. The walled-off de- 
tachment then remains harmless and_sta- 
tionary in the periphery. 

A relatively uncommon use for the photo- 
coagulator is the sealing of holes in detach- 
ments which have settled completely with 
bed rest. At least 90 percent of detachments 
will not settle adequately for such treatment, 
but it may be well to try a reasonable period 
of bed rest with binocular patching, espe- 
cially if the hole is in a relatively inaccessible 
position, such as far posterior or in an ex- 
tensively scarred region (fig. 4). Presence 
of visible vitreous traction bands almost ex- 
cludes the possibility of such settling. 

The technical details of photocoagulation 
for the purpose of creating chorioretinal ad- 
hesions deserve comment. Maximum dila- 
tation of the pupil (one-percent Cyclogyl and 
10-percent Neosynephrine) is most impor- 


Fig. 4 (Havener). A very large hole posterior to 
the equator and behind the diathermy scars of five 
temporarily successful previous operations. Bedrest 
permitted settling of this detachment and photo- 
coagulation successfully sealed the hole. 
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tant, since the entrance aperture determines 
the amount of light which is available for 
therapeutic effect. The area of the pupil 
opening increases proportionately to the 
square of its radius. A large pupil is par- 
ticularly vital if the region to be treated is 
peripheral, since the effective entrance area 
of the pupil decreases rapidly as the angle of 
illumination becomes more oblique. If the 
media are clear and the pupil can be widely 
dilated, photocoagulation can be achieved al- 
most as far peripherally as can be seen with 
a direct ophthalmoscope. Corneal scars, cat- 
aract, or vitreous opacities disperse the 
light, and if sufficiently dense will preclude 
use of photocoagulation. In general, if the 
lesion can be seen recognizably well with the 
direct the 
media are not dense enough to block photo- 


ophthalmoscope, opacities of 
coagulation. In two patients I have effec- 
tively sealed retinal tears through diffuse 
vitreous hemorrhage so dense that direct 
ophthalmoscopy could only localize the le- 
sion but not identify its nature (diagnosis 
made by indirect ophthalmoscopy ). 

Retrobulbar injection of five cc. of one- 
percent Xylocaine is usually helpful. The 
sensory block of the optic nerve so obtained 
eliminates patient discomfort and resultant 
blinking or eye movement due to the in- 
tense light. The proptosis obtained by this 
volume of retrobulbar compensates for in- 
ability of the patient to rotate his eye, 
though this may easily be done with a mus- 
cle hook if necessary in treatment of the far 
periphery. Chorioretinal photocoagulation is 
not particularly painful, and can be done in 
cooperative patients with reduced vision 
without any anesthesia whatsoever. Slight 
movements of the eye are very annoying, 
since they interfere with localization of the 
area to be treated. Worst of all, if the mini- 
mum intensity technique shortly to be de- 
scribed is used, between a half to one second 
exposure time is necessary, and no coagula- 
tion results if the retina shifts during this 
time. 

The cornea is quite susceptible to drying 
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during photocoagulation. Constant attention 
must be paid to keeping it moist, whether 
by irrigation or closing the lids between each 
exposure. If corneal haziness is permitted to 
develop, it interferes seriously with localiza- 
tion, and produces sufficient light scatter to 
block the coagulation effect. Sometimes a 
five minute rest period will result in enough 
clearing that therapy can continue. If not, 
treatment must be postponed until later. 
Within a day, this corneal haze is always 
gone, and has not been observed to leave 
any permanent opacity. An assistant is often 
very helpful in holding the lids apart and 
moistening the cornea. 

Localization of the area to be treated is of 
paramount importance. Because the photo- 
coagulator ophthalmoscope is clumsy and 
difficult to maneuver, detailed preliminary 
examination is necessary. Conspicuous de- 
tails such as vessel bifurcations, hemor- 
rhages, pigment, and so forth should be 
sought out and will serve as identifying 
marks, At intervals during a session of pho- 
tocoagulation, examination with the indirect 
ophthalmoscope provides a clear and wide 
field of view which permits rapid determina- 
tion of how much remains to be done. 

Positioning of the patient is simplified by 
use of a standard four-wheeled stretcher 
cart such as is commonly used in hospitals. 
This permits the patient to be moved about 
easily in relationship to the photocoagulator. 
A doubled pillow beneath the patient’s head 
provides the proper height. His chin should 
be tilted up quite high to prevent his fore- 
head from interfering with the free move- 
ment of the instrument arm, otherwise the 
treating ophthalmoscope cannot be brought 
optimally close to the eye. Head turning 
may sometimes be necessary to accomplish 
the purpose. Coagulation is much 
easier straight down or when the light beam 
is angled back toward the body of the photo- 
coagulator. I find manipulation of the in- 
strument very unsatisfactory when the beam 
is angled very far away from the photo- 
coagulator, and prefer to rotate the patient 


same 
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180 degrees to avoid such positions. The 
problem with these “away” positions is that 
the operator must view the field obliquely 
through the pinhole and he does not have a 
large enough viewing aperture for easy use. 

The tendency for the instrument to move 
slightly when the push-button is activated 
may be eliminated by a firm grip with all the 
hand except by the thumb or finger pre- 
ferred by the operator. Steadying the instru- 
ment arm with the other hand is helpful. 
Diffusion of light to adjacent portions of the 
retina may permit as much as a millimeter 
error in positioning of the treated area. The 
operator must position the bright central por- 
tion of the light on the area to be coagulated, 
and should not be misled by the peripheral 
diffusion of light. Such an error is possible 
because the illuminated area is greater than 
the visible area, and the operator may not 
realize he is viewing the periphery of the 
illuminated area. Recognition of the possi- 
bility of this error permits its avoidance. 

Choice of apertures and intensity of light 
is fairly simple. In general, the largest treat- 
ment diameter should be used. This will be 
reduced in size if the pupil does not dilate 
well, in order to avoid heating the iris with 
the edges of the beam. Iritis may result if a 
misdirected beam or an excessively large 
one overheats the iris too severely. A smal- 
ler aperture is also used to treat a tiny lesion 
near the macula or disc. More intense light 
is required to obtain the desired effect with 
smaller apertures. 

It is wise to start with the lowest voltage 
setting and a partially closed diaphragm in 
order to eliminate any possibility of causing 
an excessive reaction. Actually, most human 
eyes diseased enough to demand coagulation 
will require more than the minimum setting. 
Successive exposures are then made, as the 
diaphragm is opened to its maximum and 
the voltage increased stepwise until the de- 
sired effect is attained. With experience, 
these steps require very little time. 

The optimal strength of light is that 
which produces a visible effect developing 
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slowly within a half to one second. The op- 
erator is alert to release the button as soon 
as the whitish response of tissue coagulation 
is perceived. Less intense light will not pro- 
duce an adequate response because the cool- 
ing effect of the circulating blood prevents 
accumulation of enough heat. More intense 
light risks the danger of excessive destruc- 
tion before the reflex time of the operator 
can turn off the current. Too intense a burn 
may produce a retinal hole or induce vit- 
reous shrinkage, and must be carefully 
avoided. Actually, considerable leeway is 
present in this procedure and it quite easy to 
avoid overtreatment. 

Variations in pigmentation make an ap- 
preciable difference in the amount of light 
required. Pale areas absorb less radiation 
and may be quite difficult to treat. Retreat- 
ment of the same spot requires more in- 
tensity because of the color change. Definite 
haziness of the posterior vitreous adjacent 
to the treated spot occurs, and requires an 
increase in light as treatment progresses. 
Since peripheral areas require more in- 
tensity and are harder to focus upon, it is 
wise to begin on the most peripheral portion 
of the lesion and work posteriorly. 

A solid barrier of coalescent burns should 
be laid down around the retinal edge of an 
undetached hole. This barrier should be 
about a millimeter wide. No advantage ac- 
crues from more extensive burns. When 
walling off a peripheral detachment, how- 
ever, two or three rows of coagulation are 
required for security. Vessels in the region 
which must be coagulated are a nuisance. A 
“hot shot” on a vessel can cause immediate 
explosive hemorrhage, or delayed bleeding 
when the burned wall becomes necrotic. 
Fortunately, the “minimum intensity tech- 
nique” just described does not seem to dam- 
age vessels. The operator should be exceed- 
ingly careful, however, to attain only the 
slightest grey discoloration on those burns 
which overlie a vessel. If desired, the vessel 
may be paralleled by coagulation a little way 
beyond the lesion. 
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Although one might expect fibrin clots to 
strengthen the chorioretinal attachment al- 
most immediately, animal experiments do 
not seem to bear this out. Even after several 
days, only the slightest degree of chorioret- 
inal adhesion is demonstrable. Even a single 
“hot shot” will weaken the retina enough so 
that manipulation of the experimental eye 
causes a retinal hole. Furthermore, exuda- 
tion from a burned choroid may produce a 
local retinal elevation just as placing your 
finger on a hot stove causes a blister beneath 
the skin. Because of these factors, the retina 
is almost certainly weaker immediately after 
coagulation than it was before. I am rea- 
sonably certain that several days of binocu- 
lar patching and limited activity should be 
advised following most cases of photocoagu- 
lation, and that under these circumstances 
the “minimum intensity technique” is quite 
safe. 

Formation of a new pupil (fig. 5) is an 
entirely different use of the photocoagulator 
and even requires different attachments. A 
converging beam of light is used, and focuses 
sharply upon the iris through a water bath. 
is held by 
against the 


This precorneal pool of water 
placing a plastic cylinder firmly 
sclera. Without the protection of this water, 
severe corneal burns may result. Despite use 
of water, corneal burns occur if the anterior 
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chamber is so shallow that the cornea is 
within a millimeter of the iris. Similarly, if 
the lens is present, a localized cataract will 
form beneath the heated areas of iris. The 
ideal case for this use of the photocoagulator 
is the deep-chambered aphakic eye with an 
updrawn pupil or a pigmented secondary 
membrane. Nonpigmented cortical masses, 
clear capsule, or gray vitreous opacities can- 
not be removed by photocoagulation. 

In contrast to the “minimal intensity tech- 
nique” for producing chorioretinal adhe- 
sions, the highest intensity of the machine is 
used for creating new pupils. The focusing 
light is precisely adjusted in accurate focus 
on the iris in the center of the eye, and a 
half-second to one-second flash of light de- 
livered. The desired end-point is an explosive 
“pop,” clearly audible to everyone in the 
room, and visible as a bubble of steam which 
appears suddenly at the point of focus, lit- 
erally blasting apart the iris. This cannot al- 
ways be attained, and if it does not occur, 
coagulation beyond one second is very haz- 
ardous to the cornea. Three separate corneal 
portals of entry may be used if necessary 
one central, one above, and one below. In 
this way three separate flashes of light may 
be applied to the same portion of iris with- 
out risking the corneal scarring which may 
result from excessive light. Should this not 


Fig. 5 (Havener). Before and after photocoagulation of a new pupil through an updrawn iris 
following cataract extraction. 
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produce an adequate pupil, it is best to post- 
pone further attempts. Often the burn, 
though insufficient to explode a pupil, will 
cause enough damage so the treated portion 
of iris will atrophy away during the next 
few weeks. Mydriatics will help to form or 
maintain the new pupil. 

Destruction of unwanted tissue in the 
posterior portion of the eye calls for varying 
intensities of treatment. In general, retino- 
blastomas, angiomas, and melanomas may 
respond to photocoagulation. In order to 
treat a malignant tumor, its entire circum- 
ference must be While a_ small 
growth may actually be burned up through 
repeated coagulations, a more effective mech- 


visible. 


anism of destruction is the coagulation of 
the tumor blood supply. This is achieved by 
encircling a peripheral neoplasm with a solid 
ring of heavy photocoagulation which cuts 
off both retinal and choroidal vascularization 
of the encircled area. Obviously this is not 
effective against growths in the posterior 
pole where short posterior ciliary arteries 
enter directly. Large vessels leading to a 
tumor should not be hit with such heavy coag- 
ulation, or severe hemorrhage develops. The 
large feeder vessels of a retinal angioma are 
said to shrink following treatment of the 
angioma itself. In addition to encircling tu- 
mors, the photocoagulator beam should be 
directed against the substance of the lesion, 
with a high intensity light. The surface layers 
can be destroyed in this fashion, but deeper 


Meyer-Schwickerath: Further progress in the field of light coagulation. Tr. Ophth. Soc. U. 
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In summarizing the evidence regarding 
the etiology of comitant strabismus, Adler 
states, “a large number of patients with 
strabismus can be proved to have neither a 
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tissue is not killed by one treatment. 

Experience in tumor therapy with the 
photocoagulator is insufficient to permit spe- 
cific recommendations at this time. However, 
a trial of photocoagulation of small and ac- 
cessible chorioretinal tumors seems reason- 
able and is advised. Rather dramatic cases of 
several years of “cure” of retinoblastoma 
and melanoma exist. 

Treatment of focal and 
perivasculitis is in the experimental stage. It 


chorioretinitis 


is possible that the course of such inflam- 
mations may be appreciably shortened by 
photocoagulation. 


SUM MARY 
The clinical indications for photocoagula- 
tion are: 
1. Creation of 
(a) sealing of retinal holes before detach- 


chorioretinal adhesions: 
ment; (b) supplement to surgery—combined 
photocoagulation and surgery, reinforcement 
of diathermy reaction, and walling off lim- 
ited detachments ; (c) sealing of holes in the 
uncommon detachments which 
pletely with bedrest. 

2. Formation of new pupil: (a) updrawn 
pupil and (b) pigmented secondary mem- 


settle com- 


branes. 

3. Destruction of unwanted tissue: (a) 
neoplasm and (b) inflammation. 

Photocoagulator use and the “minimum 
intensity technique” are described. 
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sensory or motor obstacle to fusion . . . this 
group of patients are sometimes said to have 


*From the Department of Ophthalmology, Uni- 
versity of Michigan Medical School. 
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strabismus on the basis of undetermined eti- 
ology.”* The purpose of the present paper is 
to state an hypothesis concerning the etiol- 
ogy of strabismus in patients of this type. 

According to Gesell? and Piaget,* it is not 
until the age of about four months that hu- 
man infants start to learn that their visual 
images represent things which can be touched 
and manipulated. Consider an infant, who at 
this age, has a temporary or remediable ob- 
stacle to fusion, such as delayed myelinization 
of the oculomotor fibers. Then, during this 
period of sensory-motor development, the in- 
fant will see two different images of every 
object, and the two will appear to be in 
different places. If the child’s perceptual 
development is to continue, one of the images 
must be chosen as representing the object. 
The remaining image will then be perceived 
as unreal, in the sense that it will appear to 
be devoid of tactile-kinesthetic properties. It 
will look like a mere image, a thing that 
cannot be touched. There is no difficulty in 
assuming that the child can learn to do this, 
for during this stage of growth he learns 
that there are many visual stimuli which can 
be seen but not touched: mirror images, 
cigarette smoke, sunbeams, and so forth. 

As an aid in differentiating between real 
objects and their unreal images, the strabis- 
mic child adopts the technique of perceiving 
all images associated with one eye as real, 
and all images associated with the other eye 
as unreal. It is this perceptual pattern which 
underlies the distinction between fixating eye 
and nonfixating eye in strabismus. 

Let us assume that the original obstacle to 
fusion persists only until the child is one 
year old. My hypothesis is that the real-unreal 
distinction, between images associated with 
the fixating eye and images associated with 
the nonfixating eye, now constitutes an ob- 
stacle to fusion and accounts for the per- 
sistence of the strabismic condition in the 
absence of any physiologic causative factor. 

The ages and time intervals specified in 
the foregoing accounts are purely illustra- 
tive. The same sequence of events—tem- 


1219/133 


porary obstacle to fusion, perceptual adapta- 
tion, disappearance of the original defect, 
and persistence of the strabismic condition— 
may occur even in an adult patient. The 
process may require several years in an 
adult who has an injured external rectus; 
whereas the same process—learning to in- 
may require 


terpret one image as unreal 
only a few hours during the period of in- 
fancy when sensory-motor maturation is the 
chief business of living. 

This real-unreal distinction can be ob- 
served in any patient with a well-established 
strabismic condition who is aware of di- 
plopia for an object. It has escaped observa- 
tion by previous investigators because of 
the widespread practice of examining pa- 
tients on a troposcope or similar instrument, 
particularly for research purposes. On the 
troposcope, all images are unreal; but if a 
strabismus patient can be made aware of 
diplopia for a real object, he will readily 
agree that the image associated with the 
fixating eye is “the real one,” whereas the 
image associated with the non-fixating eye 
is “unreal” or “fake” or “make believe.” In 
carrying out this examination, no prism 
should be placed before either eye. The 
reason for this is that the distortion in ap- 
parent position caused by the prism may be 
sufficient to cause one of the two images to ap- 
pear unreal, thus invalidating the observation. 

A normal binocular individual who is 
aware of diplopia for an object may also 
perceive one image as real and the other 
image as unreal. But he does not make this 
distinction as easily or as accurately as the 
strabismus patient does. The true strabis- 
mus patient does not have to make a con- 
scious judgment in choosing between the two 
images. As soon as he sees them, he in- 
voluntarily sees one as real and the other as 
unreal, as if these properties of reality and 
unreality resided in the stimuli themselves. 

To understand why the real-unreal dis- 
tinction is an obstacle to fusion, consider 
the mechanism of normal binocular fusion. 
When a normal individual fuses two images, 


= 
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he does so because he interprets both of them 
as representing the same object. We would 
hardly credit him with normal binocular 
vision if he were to fuse the images of two 
different objects in the field of view. The 
two images having been interpreted as repre- 
senting the same object, the appropriate 
optomotor reflexes are called upon to po- 
sition the eyes in such a way as to combine 
the two images, and the two are seen as one. 
In strabismus, on the other hand, the two 
images of a single object are not interpreted 
as representing the same thing. One repre- 
sents a real, solid object, whereas the other 
represents nothing, only itself—a mere im- 
age. As a result, the optomotor reflexes 
appropriate to bifoveal fixation are not called 
into play, and an abnormal pattern of bin- 
ocular vision results. 

The real-unreal distinction also constitutes 
the mechanism of suppression in strabis- 
mus. A simple analogy will serve to illus- 
trate this part of the hypothesis. Consider a 
patient who has a disturbance of the ocular 
media which causes him to see a stone wall 
directly in front of him at all times. The 
patient can see other things through the 
stone wall and even in the same place as the 
stone wall. He cannot touch or approach 
the stone wall, because this is a strictly 
ocular disorder. Given an early onset of this 
condition, the patient will gradually become 
unaware of the stone wall. He will not see 
it except under special conditions of viewing 
or with the aid of a course of training in 
stone wall awareness. 

A less hypothetic analogy is to be found 
in the entoptic images associated with cellu- 
lar debris and other opacities in the re- 
fractive media of the human eye. One can 
easily learn to be aware of these phenomena 


under ordinary conditions of viewing, and 
they are evidently present as visual stimuli 
at all times. When seen, they are perceived 
as unreal, and the observer makes no effort 
to approach or touch them. The analogy is 
quite direct: the strabismus patient is not 
ordinarily aware of his squinting eye images 
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for the same reason that I am not ordinarily 
aware of my muscae volitantes and other 
entoptic images. 

Experimental evidence supporting this en- 
tire retionale for the etiology of strabismus 
has been presented in a different context in 
two previous papers. The evidence is of 
course indirect, for it is not feasible to 
evaluate the subjective visual experience of 
three-month-old infants. In the first paper 
of the series,* it was shown that lessening of 
the real-unreal distinction has the effect of 
reducing the intensity of monocular sup- 
pression in strabismus patients, so that the 
patients tend to become acutely aware of di- 
plopia. The presence of constant diplopia 
has not been a source of confusion or an- 
noyance to any patient who has participated 
in this program of research. 

The second paper of this series® presented 
evidence that the real-unreal distinction 
constitutes an obstacle to fusion. In this 
experiment, it was shown that lessening of 
the real-unreal distinction, in patients who 
were already aware of diplopia, made some 
of the patients capable of fusion. The pa- 
tients who responded to this treatment ac- 
tually overcame angles of strabismus of as 
much as 30 prism diopters, indicating the 
presence of intact optomotor reflexes which 
had not been brought into play simply be- 
cause of the interpretation of images associ- 
ated with the nonfixating eye as unreal. 
This method of treatment is by no means a 
cure-all for comitant strabismus, but the 
results so far obtained are sufficient to indi- 
cate that the real-unreal distinction, as it 
exists in strabismus, is a major obstacle to 
fusion and a prominent etiologic feature of 
the disorder. 

If the hypothesis set forth here is a correct 
statement of the etiology of strabismus, then 
the following inferences from it are also 
correct: 

First, the condition described by Adler as 
strabismus of undetermined etiology is an 
acquired disorder. Therefore it is, in princi- 
ple, remediable. 


a 
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Second, the genetic facts are to be ac- 
counted for in terms of the temporary physio- 
logic or anatomic cause of onset, and not in 
terms of any undetected physiologic condi- 
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The diagnosis of glaucoma is at best a 
most difficult task, tonometry being one of 
the many adjuncts in the detection of this 
disease. Any clinical tonometer, regardless 
of how accurate, must be considered in the 
light of what it really contributes to the di- 
agnosis and management of glaucoma. The 
scleral tonometer which was introduced over 
10 years ago’ has enjoyed a certain amount 
of popularity. Its working principles are 
similar to those of the well known corneal 
(Schigtz) tonometer but it does not require 
conjunctival anesthesia and it can be used 
with the patients in a semi-reclining posi- 
tion.” * 

Although the scleral tonometer has been 
used within the past decade studies of its 
validity are incomplete. Hirsch* found that 
the correlation coefficient between the sec- 
ond and third repetitions of measurements 
with the scleral tonometer was +0.77 and 
this gives an indication of how reliable the 
instrument is. Talcott? made measurements 
with both the corneal and scleral tonometer 
on 23 patients and found a correlation coeffi- 


* From the Department of Ophthalmology, Uni- 
versity of Michigan. Presented at the meeting of the 
East-Central Section. Ann Arbor. January, 1960. 
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cient of +0.85 and concluded that this vali- 
dated the instrument. On the other hand 
Cockburn® made a study of the scleral as 
compared to the Schigtz tonometer on 22 
eyes known to have glaucoma and 22 non- 
glaucomatous controls. The corneal tonom- 
eter quite accurately differentiated these two 
groups (with only two false positives and 
one failure) while the scleral tonometer 
failed to differentiate the two groups and 
allowed only poor discrimination. 

Carter® also has made a study of the 
scleral tonometer with regard to theoretical 
considerations relating to its use but his 
measurements do not include any thorough 
analysis of the validity of the instrument. 

The present study was undertaken to de- 
termine how accurately the scleral tonometer 
measures the intraocular pressure with re- 
spect to the standard corneal instrument 
which has been in use for over 50 years. 

PROCEDURE 

Two separate experiments were carried 
out: 

1. Freshly enucleated adult pig eyes were 


used in the following manner: Each eye was 
cannulated through the optic nerve* where- 
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upon alternate aspirations and injections of 
saline were carried out to insure patency of 
the needle. The eye was then placed in a 
slotted lacrimal irrigation cup and its sur- 
roundings packed with excised retrobulbar 
fat and muscles. The rim of the cup was 
encircled with nondrying putty to prevent 
the semifluid fat from shifting during the 
experiment. The cannula was connected, 
through polyethylene tubing, to an open 
tube water manometer. A three-way stop- 
cock was interposed into the system to make 
possible the controlled variations in intra- 
ocular pressure by means of a reservoir 
which could be raised and lowered. 

Each eye was subjected to intraocular 
pressures of from 25 to 100 cm. of water at 
increments of five cm. At each pressure level 
the ocular tension was estimated by first 
closing the stopcock completely, moistening 
the eye, applying the Schigtz and then the 
Wolfe tonometer according to prescribed 
procedure. Early in the course of gathering 
these data, three separate readings were 
made with the Wolfe instrument (accepted 
technique),° the first being discarded, and 
the second and third were averaged to 
achieve the final recording.} This procedure 
was abandoned when it was noted that a 
single reading gave essentially the same re- 
sult. The Schigtz recordings were made em- 
ploying weights which would allow for scale 
readings of between three and ten and were 
transposed to the 1955 calibration scale of 
the American Academy of Ophthalmology 
and Otolaryngology. 

2. Using the Wolfe and Schigtz instru- 
ments, estimates of intraocular pressures in 
44 clinic patients (86 eyes) were carried out. 
In each instance Pontocaine HC1 (0.5 per- 
cent) was instilled and the Schigtz measure- 
ments were made according to the standard 
procedure. The patient was then brought to 
a semireclining posture and asked to fixate 


t Hirsch found the test-retest coefficient between 
the first and second tests to be +0.56; between the 
first and third tests to be +0.49, and between the 
second and third test to be +0.77. 
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his opposite hand while the Wolfe tonom- 
eter, used horizontally, was applied to the 
upper outer quadrant in such a manner that 
its footplate was four or more mm. from the 
limbus and between the insertions of the 
lateral and superior rectus muscles. 


RESULTS 


The results of the above experiment on 
the 11 pig eyes are summarized in Fig. 1. 
This figure shows the mean measured pres- 
sure with each instrument for various con- 
trolled pressures. The slope of the straight 
lines which are drawn through the data can 
be regarded as indices of the sensitivity of 
the instruments. The data for the corneal 
perfect 
reasonably well. The slope of the best fitting 
straight line is +0.910. This means that on 
the average, change in the induced intraocu- 


tonometer approached sensitivity 


lar pressure of 10 mm. Hg will be detected 
by this tonometer as a 9.10 mm. Hg change 
in intraocular pressure. On the other hand 


MEAN DATA I! EYES 


CORNEAL 
TONOMETER 


SCLERAL TONOMETER 


MEASURED PRESSURE (Mm Hg) 


40 50 60 70 
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Fig. 1 (Hogg and Alpern). Mean data of the 
manometric measurements of 11 pig eyes with the 
corneal (open circles) and scleral (closed circles) 
tonometers. The straight lines have been computed 
by the method of least squares. The slope of the 
corneal line is 0.91, that of the scleral line is 0.392. 


a 
70 
60 
Q 
50 a 
40 
20 
| 
20 


HOW VALID IS SCLERAL TONOMETER? 1223/137 
TABLE 1 
ANALYSIS OF VARIANCE MEAN DATA 11 EYES 
A. WOLFE 
&S. D.F. 
19,844.16 1 
686 .08 14 
13,293.08 160 
33,823.32 175 
B. Scuidtz 
S.S. D.F. 
41,833.18 1 


214.11 14 
Deviations 12,905 .95 160 


M.S. 
19,844.16 
41.86 
83 .08 
193.27 


Slope 
Scatter 
Deviations 
Total 


M.S. 
41,833.18 
19.46 
80 .66 


Slope 
Scatter 


Total 54,953.24 175 
the scleral tonometer proved to be consider- 
ably less sensitive. In this case the slope of 
the straight line which best fits the data is 
merely 0.392. Hence, on the average, a 
change of induced pressure of 10 mm. Hg 
within the eye would only be detected by the 
scleral tonometer as a 3.92 mm. Hg rise in 
pressure. 

In order to investigate this matter fur- 
ther, all of the data for a given instrument, 
from the 11 pig eyes at the 16 different 
levels of induced pressure were pooled and 
an analysis of variance carried out. The re- 
sults of this are summarized in Table 1. 
While in each case the slope is clearly sig- 


nificantly different from zero, the variance 


due to deviations at any one induced pres- 
sure about the mean at that pressure was 
larger than the variance due to deviations 
the 
pressures. This suggested the possibility that 


about means of the various induced 
the observations on the different eyes were 
not homogeneous. 

In order to investigate this possibility a 
separate analysis of variance was carried out 
taking into account the fact that eleven dif- 
ferent eyes had been measured. The results 
of this procedure are summarized in Table 
2. There is evidence, for both instruments, 
of significant differences from one experi- 
ment to the next (scleral tonometer F = 
32.24, df = 10,165: corneal tonometer F = 
2.97, df = 10,165). 


for this? 
One possibility is that there are signifi- 


How can one account 


314.02 


cant slope changes from one experiment to 
the next with each instrument. In order to 
investigate this one can test for the hetero- 
geneity of slopes. For the corneal tonometer 
F = 30.78, df = 10,154 and for the scleral 
tonometer F = 11.03, df = 10,154. Clearly, 
for each instrument, the slopes do change 
significantly from experiments on one eye 
to those on another. 

Despite the fact that significant hetero- 
geneity between experiments exists with any 
one instrument, inspection of the variation 
removed by the common regressions sug- 
gests that the corneal tonometer is much less 
variable than the scleral tonometer since the 
common regression removes a much greater 
percent of the variation with the corneal 
tonometer than with the scleral tonometer. 
Similar data have been reported by others® 
and there seems little reason for doubting 
the generality of this conclusion. 

Since analysis of variance shows that sig- 
nificant heterogeneity exists between experi- 
ments, a comparison of the sensitivity of 
each instrument by using the mean data of 
Figure 1 could perhaps be misleading. In 
order to compare the sensitivity of the two 
instruments it would be better to determine 
the slope of the best fitting line for each in- 
strument in each eye examined. The anal- 
ysis of the data in this manner is summa- 
rized in Table 3. Inspection of the data in- 
dicates that the slope of the best fitting line 
in each casé is larger with the corneal to- 
nometer than with the scleral tonometer, 
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TABLE 2 
ANALYSIS OF VARIANCE ON 11 INDIVIDUAL EYES 


S.S. 


10,444.38 
8,431.30 


2,013.08 


Individual regression 
Common regression 


Heterogeneity 


Residual 1,006.14 
11,450. 


Total within experiments 
i 22,372. 


Between experiments 


Total variation 33 ,823.: 


A. WOLFE 


M.S. 
949.49 
8,431.30 


201.31 
6.54 


69.40 
2,237.28 


. SCHIOTZ 


S.S. 
43,805. 
41,830. 


Individual regression 
Common regression 


Heterogeneity 1,974.5: 


Residual 
Total within experiment 
Between experiments 


Total variation 


The Mann-Whitney U test can be applied to 
these data without assumptions regarding 
the distribution of the regression coeffi- 
cients. This analysis shows that the slopes of 
the best fitting straight lines applied to the 


D.F. M.S. 
11 3,982.31 
41,830.98 


453 
7.91 


.99 


corneal tonometer are significantly higher 
(p < 0.001) than the slopes of the best fitting 
straight line of the data from the scleral to- 
nometer. This supports the validity of the 
deductions made from the data in Figure 1. 


TABLE 3 
SLOPES OF INDIVIDUAL EXPERIMENTS ON 11 PIG EYES 


Schi¢tz 


ne =11 
n,=11 


2 


2 


n,(ny+1) 


Wolfe Rank 


0.102 
.357 
615 
.374 
.740 
.281 
.679 
.180 
.440 
.220 


—R, =121+66 —71 =187 —71 =116 


—R.=187 —182=5 


p is less than 0.001 (p=0.001 when U =15 when n; =ng=11) 


D.F. F. 
1 1,289.19 
154 
165 
80 10 32.24 
175 
F. 
335.62 
98 2,335.62 
2,757.79 154 1 
46,563.30 165 282.20 
8,389.94 10 838 2.97 
54,953.24 175 
0.690 12 1 
0.554 9 5 
0.700 13 10 ae 
1.20 22 6 a 
1.04 19 14 — 
0.883 17 4 
0.964 18 11 
0.857 16 2 22 
1.16 21 7 
0.856 15 8 
1.10 20 3 
R.=182 R,=71 
i 
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Fig. 2 (Hogg and Alpern). Scat- 
ter plot of measurements on 86 liv- 
ing human eyes showing the rela- 
tion between measurement with 
corneal tonometer as compared to 
those with the scleral tonometer. 
The dotted line shows what relation 
is to be expected if the two instru- 
ments correlated perfectly. 


(Mm Hg) 
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y= 0.21X+14.36 


N=66 
HUMAN EYES (IN VIVO) 


Clearly, in pig eyes, the scleral tonometer 
is much less and the individual 
measurements much more variable than the 
corneal tonometer. What then, can be said 
about the application of the instruments to 
human eyes? 

To answer this question measurements 


sensitive 


with both instruments were taken on a se- 
lected sample of clinical patients. Data was 
obtained on as wide a range of intraocular 


pressures as possible. Eighty-six eyes were 


measured with a pressure range, as meas- 
ured with the corneal tonometer, of from 
7.0 mm. Hg to 42.1 mm. Hg. The results 
from this study are plotted in Figure 2. It 
is clear from inspection of the data that the 
agreement between the two instruments is 
never very good. The range of the scleral 
tonometer in this same sample was only 
from 15 to 30 mm. Hg and neither of these 
two extremes differed one another 
very much when their intraocular pressures 
were compared with the corneal tonometer. 
If the two instruments were perfectly corre- 
lated, the data should all cluster about the 
dotted line in the graph which has a slope of 
unity. Actually they cluster around a line 
with a slope of only 0.21. The eyes which 
have low values of intraocular pressure as 
measured with the corneal tonometer all give 
too high readings with the scleral instru- 
ment. Conversely those which have high val- 


from 


20 30 
CORNEAL TONOMETER (Mm Hg) 


ues of intraocular pressure tend to show 
much too low values when measured with 
the scleral tonometer. These results are what 
one would anticipate in view of the experi- 
ments on pig eyes. 

There is considerable reduction of sensi- 
tivity of the scleral tonometer as compared 
to the corneal tonometer. The readings from 
the two instruments do correlate to some ex- 
tent; the correlation coefficient r = +0.596 
is significantly larger than zero.* However, 
this is not sufficiently high to validate the 
scleral tonometer. This can be emphasized 
by pointing out that only 35.5 percent (that 
, r? = (0.596)*) of the variation in the 
measurements with this instrument can be 
attributed to factors which also will produce 
a variation in intraocular pressure as meas- 
ured by the corneal tonometer. 


is 


DISCUSSION 


A tonometer should furnish data of the 
highest possible accuracy which may be used 
with family and personal histories, results 
of provocative tests, field examinations, ton- 
ographic data, and gonioscopic findings to 
facilitate the diagnosis and to assess the 


* This is, however, considerably smaller than the 
value of +0.85 found by Talcott*® on a sample about 
half as large. The discrepancy may be in part due 
to sampling differences and/or individual differ- 
ences among instruments. 
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progress of the already diagnosed case of 
glaucoma. If an inaccurate instrument were 
to be depended upon, in screening examina- 
tions where tonometry may be solely relied 
upon for the detection of glaucoma, then the 
irrevocable changes of glaucoma could con- 
tinue, even with the blessing of the unwit- 
ting user. The scleral instrument lacks sensi- 
tivity particularly in the critical range where 
tactile tensions lack sufficient discrimination, 
that is, in the range from 25 to 35 mm. Hg. 
It is true that the sclera and cornea are 
nearly similar in consistency and that both 
contribute to the continuous fibrous enve- 
lope that encloses the essentially noncom- 
pressible fluid intraocular content. It would 
seem logical that a footplate of proper ra- 
dius of curvature might be designed for an 
instrument which would function by meas- 
uring impressibility of the sclera. This pos- 
sibility meets a serious obstacle, however, 
when one considers the episcleral tissues. 
In order to emphasize this, the following 
experiment out. 
measurements were made of the intraocular 
pressure of one pig eye (which was main- 
tained at a constant level of 29 mm. Hg) al- 
ternately with each instrument for 130 
trials. The results of this experiment are 
plotted in Figure 3. It is evident that while 
the corneal measurements clustered about a 
horizontal line in a random way, the scleral 
showed a_ continual 
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as the number of trials increased. 


Moreover, this decrement in scleral meas- 


ment 


urements was associated with an obvious im- 
pression of the footplate and plunger in the 
episcleral tissue after only the 12th scleral 
datum. No comparable impression ever ap- 
peared on the cornea even at the very end of 
the experiment. It is true that these condi- 
tions do not compare in any realistic way to 
those in which the instrument would ever be 
On the other hand, 
living eyes do show variation in consistency, 


used in living eyes. 


thickness, and vascularity of the episcleral 
tissues (as Sugar has already emphasized, i 
this regard*). Such individual 
should contribute to the variability 


differences 
of the 
scleral tonometer just as the change in the 
form of the episcleral tissues contributes to 
its variability in Figure 3. 

In addition to these difficulties it should 
perhaps be pointed out that normal acts of 
convergence and palpebral spasm in the 
presence of normally sensitive conjunctiva*® 
may also contribute to falsely elevated meas- 
urements of intraocular pressure with the 
scleral tonometer.* 


CoNCLUSIONS 
The conclusions of this study may most 


* The use of the Wolfe instrument held horizon- 
tally has inherent one further source of error. Be- 
cause of its excess weight, the dial end tends to 
exert a torque on the sleeve which increases friction 
between the sleeve and the shaft. 
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Fig. 3 (Hogg and Alpern). 
Measurements on one pig eye re- 
peated for 130 trials alternately 
with the corneal (x) and scleral 
(open circles) tonometers. The 
pressure in the eye was maintained 
constant at 29 mm. Hg. 
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properly only be drawn with regard to the 
single instrument used in these experiments. 
The possibility exists, that other scleral to- 
nometers would have fared better under 
such an analysis and that this particular in- 
strument just happened to be a poor meas- 
uring device. While, if this were true, it 
would be sufficient reason for rejecting use 
of a device in which insufficient quality con- 
trol in production does not insure that any 
given instrument will be clinically adequate, 
there is evidence that the matter is more 
serious than this. 

Recently, after these experiments were 
completed, we became aware of the com- 
pletely independent 
using another scleral tonometer. He com- 


work of Cockburn® 
pared the results with corneal tonometer 
readings in much the same way as that de- 
scribed in this present work. The results of 
his work were in complete agreement with 
those reported here.* There can be little 
doubt, therefore, that the generality of the 
conclusions must be considerably extended 


Carter’ also made a few manometric measure- 
ments on pig eyes with essentially the same results. 
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over that which would be otherwise permis- 
sible. It seems highly unlikely that the only 
instruments so far tested manometrically 
would not differ more widely in their char- 
acteristics if the factors which contribute to 
their low validity were not basic artefacts in 
the measuring procedure. 


SUMMARY 


Manometric measurements on eleven pig 
eyes with corneal (Schigtz) and_ scleral 
(Wolfe) tonometers showed that the latter 
much sensitive and much more 
variable than the former. Measurements on 
86 living human eyes showed that the data 
from the two instruments are not sufficiently 
correlated (r = + 0.596) to validate the 
scleral instrument. The reasons for the dis- 
crepancies in the readings of the two instru- 
ments are discussed. 

University Hospital. 


was less 
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AUDITOR’S REPORT 


Association for Research in Ophthalmology, Inc. 


January 25, 1960 


To the Members of the Board of Trustees 
Association for Research in Ophthalmology, Inc. 
10515 Carnegie Avenue 

Cleveland 6, Ohio 


Dear Sirs: 


In accordance with the instructions of Dr. Lorand V. Johnson, Secretary-Treasurer of the Association 
for Research in Ophthalmology, Inc., I have examined the cash basis accounts of said association for 
the year ended December 31, 1959, and the recorded transactions for the year then ended. My examination 
was made in accordance with generally accepted auditing standards applicable to cash basis accounting and 
accordingly included such tests of the accounting records and other such auditing procedures as I con- 
sidered necessary in the circumstances, except that I did not confirm unpaid dues directly with members. 

Based upon my examination, | submit herewith my report consisting of the following exhibits: 

A—Cash and securities in funds 

B—Statement of cash receipts and disbursements 

C—Membership dues collected 
D—Summary of membership—by years 


‘ GENERAL COMMENTS 
CASH IN BANK $ 5,503.12 

The balance of $5,503.12 was in deposit with the Cleveland Trust Company, Euclid-105th Office, 
Cleveland, Ohio, and was verified by me by reconciliation and such other auditing methods | considered 
necessary. There were no outstanding checks or undeposited funds as of December 31, 1959. 


SECURITIES $20,685.03 

The securities shown in detail in Exhibit A, and being carried in the association’s books for $20,685.03 

are kept in safekeeping in a safety deposit box located at the Cleveland Trust Company, Euclid-105th 
Office, Cleveland, Ohio. These securities were examined by me and found to be in order. 

At a meeting of the Board of Trustees held on October 11, 1959, it was voted that any and all 

‘ members whose dues were in arrears for 1958 and 1959 would be written to again. Should the member 

fail to respond to such final communication then said member would be dropped for membership in the 

association. 

Your attention is specifically directed to Exhibit B, “Statement of cash receipts and disbursements.” 
This analysis shows that because of the publication of the additional “Friedenwald” supplement, the 
association’s cash disbursements exceeded its cash receipts for the year under review. The association is 
already committed for an additional “Friedenwaid” supplement for the year 1960 which it is anticipated 
will again result in a cash deficit for that year. 

The records were found to be well kept and the financial transactions of the year properly authorized 
and recorded. Please accept my sincere thanks for the courtesy and co-operation given to me during my 
examination 

In my opinion, subject to the limitation that I did not confirm dues in arrears directly with members, 
the accompanying exhibits present fairly the fund balances of the Association for Research in Ophthal- 
mology, Inc., as of December 31, 1959, and the receipts and disbursements for the year then ended, based 
on the recorded cash transactions, in conformity with generally accepted accounting principles. I do not 
feel that the exception referred to above, concerning dues arrearages, is sufficient to affect this opinion. 

Respectfully submitted, 

(Signed) Wittiam J. Srecen. 


Board of Trustees 
Association for Research in Ophthalmology, Inc. 
Cleveland, Ohio 


Gentlemen: 


I have reviewed the auditor’s report for the fiscal year ending December 31, 1959. I approve of this 
report as a member of the auditing committee. (Signed) WerNer K. Noett, M.D. 


In reviewing the auditor’s report of the Association for Research in Ophthalmology, Inc., for the year 
ending December 31, 1959, it appears to be in order, reflecting the cash and securities owned at the be- 
ginning and at the end of the year and the receipts and disbursements of cash for the year. 

(Signed) Grorce M. Hark, M.D. 
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Exuisirt A 
CASH AND SECURITIES IN FUNDS 


December 31, 1959 


GENERAL PROCTOR FRIEDENWALD 
CASH: FuND Mepat Funp Memortat Funp TOTAL 


SECURITIES: 
$10,000.00 U.S. Treasury Bonds 


75 Shares Union Electric Co.— 
Value Date of Gift 7-30-56 ............ —)— —_O— $ 2,053.13 $ 2,053.13 
10 Shares Ingersoll Rand Co.— 
Value Date of Gift 10-1-59 ........... —(Q— —0-— $ 782.50 $ 782.50 
30 Shares E. I. DuPont de Nemours 


SUMMARY 


TOTAL CASH AND SECURITIES—December 31, 1959 .. $26,188.15 


Exuisit B 
STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
For the Year Ended December 31, 1959 
Casu BaLtance—January 1, 1959: 


Recerpts—1959 


Interest Cambridge Savings Bank (Friedenwald Fund) 183.76 
Dues collected—Exhibit C (General Fund) 13,376.15 
Dividends—Union Elec. Co. (Friedenwald Fund) ...........cccccscccccccvccsevcscesces 118.50 
Dividends—E. I. DuPont de Nemours (Friedenwald Fund) 75.00 
Dividends—Ingersoll Rand Co. (Friedenwald Fund) 17.50 
U.S. Treasury Bond Interest (includes $250.00 applicable to 1958) (Proctor Fund) ..... 500.00 


“a 
a 
4 
$33,905.08 
an 
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DisBURSEMENTS—1959 
For specific purposes: 
Convention expenses 
Purchase of 30 shares E. I. DuPont de Nemours stock (Friedenwald Fund) ............. 


Balance of cash available for general purposes ............0cccccccccccnceccccccccccccevece 


For general purposes: 


Insurance: $5,000.00 position bond—Secy-Treas. 
Board of Trustees’ meeting—June and October 


Contributions: 


American Committee on Optics & Visual Physiology ................000eccecueeuees 

National Committee for Research in Ophthalmology and Blindness ...............-- 


Total disbursements for general purposes 


*Does not include payroll taxes for last quarter of 1959 in the total amount of $243.86. 


$ 9,061.92 
500.00 
698.42 


741.40 
608.30 
250.00 
7,664.77 


$19,524.81 


$14,380.27 


1,449.95 
251.86 
515.04 
115.00 
202.36 

18.66 
107.30 


200.00 
500.00 
329.34 
120.98 

89.50 


$ 8,877.15 


$ 5,503.12 


= 
F 
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Exuisir C 
MEMBERSHIP DUES COLLECTED 


For Year Ended December 31, 1959 


Educational Member @ $3.00 ........ ea $ 143.00 


Active Members @ $10.00 
Active Member “ $10.15 . 
Active Member @ $15.00 . 
Educational Members (@ $3.00 
Sustaining Members @ $25.00 
Sustaining Member @ $28.00 .. 
Sustaining Member @ $100.00 


Active Members @ $10.00 .... 
Educational Member @ $3.00 
Sustaining Members @ $25.00 


1960 Provisional 
54 Active Members @ $10.00 
9 Educational Members (@ 
Sustaining Members (@ $25 150.00 717.00 


TOTAL DUES COLLECTED 1959 .. $13,376.15 


Exuipir D 
SUMMARY OF MEMBERSHIP—BY 
To December 31, 1959 


YEARS ENDED Toral 1945 . 

DECEMBER 31 MEMBERS 1944 
1943 
1956 ..... Fab 1942 
1956 . 930 1940 _.. 
1955 . 1939 . 
1952 ... . 672 
1950 . . 509 1934 
1949 ... 474 1933 
1930 


* Includes provisional members. 
* Statistical information not available. 


1958 

l 

1959 

| $9,930.00 

1 2000 

1960 

19¢ ] 

: 

4 283 

281 

279 

270 

268 

272 

249 

240 

245 

230 

203 

193 

134 
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Adelstein, Nelson J., 13861 Cedar Rd., Cleveland 18, Ohio. 
Adler, Francis H., 313 S. 17th St., Philadelphia, Pa. 
Agatston, Howard J., 111 Village Rd., Roslyn Heights, N.Y. 
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, Lee, University Hospitals, Iowa City, lowa. 
. Merrill, Div. Optometry, Indiana Univ., Bloomington, 
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Anderson, Thomas W., 122 E. 17th St., Santa Ana, Calif. 
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Tenn. 
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Arribas, Neva P., 1612 Rizal Ave., Manila, Philippines. 
Asbury, Mary K., 506 E. Fourth St., Cincinnati 2, Ohio. 
Asbury, Taylor, 718 Carew Tower, Cincinnati 2, Ohio. 
Ascher, Charles K. W., 1404 McMillan, Cincinnati, Ohio. 
Ashodian, Mila J., Lankenau Medical Bldg., Philadelphia 31, 
Pa. 
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Israel. 
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B 
Bach-y-Rita, Paul, Medical School, U.C.L.A., Los Angeles 
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leans, La. 
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Crockett, Douglas H. 

QUANTICO 
McArtor, James R. 


RIcHMOND 
Geeraets, Walter J. 
Guerry, duPont, III 
Rein, Walter J. 
Sheppard, L. Benjamin 
Wiesinger, Herbert 
Williams, Ric! «rd K. 


ROANOKE 
Stone, W. Conrad 
Young, Charles A., Jr. 
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WINCHESTER 
McGuire, William P. 
WASHINGTON 
BELLEVUE 
Milam, Daniel F., Jr 


BELLINGHAM 

Kaiser, Robert F. 
BREMERTON 

Benson, Clifton E. 
LONGVIEW 


Hill, Robert V. 
RENTON 

Maynard, Robert FE. 
PULLMAN 

Young, Francis A. 


SEATTLE 

Hargiss, James L. 

Hungerford, Louis N. 

Jensen, Carl D. F. 

Lyda, Wood 

Peter, Philip A. 
SPOKANE 

Gates, Charles L. 

Richter, William C. 

de Roetth, Andrew F. M 
TACOMA 

Ward, James F 
Watta WALLA 

Hogenson, Clifford D. 

Stevens, Ralph W 
WENATCHEE 

Miller, Claude K 

West VirGini 

HUNTINGTON 

Polan, Charles M. 


MorGANTOWN 
Ryan, Ralph W 


PARKERSBURG 
Shupala, Edward 


PRINCETON 
Ball, Donald N 


WISCONSIN 
LA CROSSE 


Mansheim, Bernard J. 


Berger, John V., Jr. 
Buesseler, John A. 
Davis, Matthew D. 
Engerman, Ronald L. 
MILWAUKEE 
Blankstein, Samuel S 
Bolger, James V. 
Carl, E. Franklin 
Gaynon, Irwin E. 
Hitz, John B. 
Holm, Arvid G. 
Schalmo, E. H. 
MONROE 
Mings, Dwain E. 


NEENAH 

Kirchgeorg, Clemens 
RACINE 

Kadin, Maurice 
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MEMBERS 


Hawall 
ULU 
Holmes, William J. 
Pang, Herbert G. 
Pinkerton, Ogden D. 


KAHULUI 


SANnTu 


Kushi, Harold S. 
Pverto Rico 


RCE 
Buxeda, Roberto 
Margarida, Carlos J. 


CANADA 


ALBERTA 


EpMONTON 


Duegan, John W. 


Marshall, M. R. 


MANITOBA 


WINNEPEG 


Elvin, Norman L. 


Nova Scoria 


HaALirax 


Quigley, John H. 


ONTARIO 


KINGSTON 


Rosen, David A. 


LONDON 


Dyson, Charles 


NIAGARA 


Eager, R. F. 


OTTAWA 


Toron 


Fraser, Wilmur F. 


TO 

Basu, Prasanta K 
Bishop, Harding E 
Elliot, Alfred J. 
Levitt, Herbert 
McCulloch, Clement 
MacDonald, Roy K. 
Ormsby, Hugh L 
Shusterman, Morris 


Quesec 


MOoNTREAI 


Alexander, Penjamin 
Boxer, Louis 

Brault, Jules 
Cloutier, Roland 
Langman, Jan 
Locke, John C. 
Viger, R. J. 


Britisn CoLuMBIA 


VANCOUVER 


Irving, John A. 
Mallek, Howard 
Ragan, John D. 


VicToRIA 


Wiggins, Robert L. 


CENTRAL AND Latin AMERICAN 


COUNTRIES 


ARGENTINA 


Corposa 


SAHIA 


Urrets-Zavalia, Alberto, Jr. 


BraZiL 


de Andrade, Cesario 


Beto Horizonte 
Dasilva, Antonio I. 


Costa Rica 
San Jose 
de la Cruz, Edgar 


Cupa 
HAVANA 
Ferrer, Horation 


Mexico City 
Camacho, Enriqueta 
Puig-Solanes, M. 
Wudka, Enrique 


Peru 
LIMA 
Barrere, Luciano E. 
Raffo, Julio C. 
VENEZUELA 
CARACAS 
Grom, Edward 
PutLipPine Istanps 
MANILA 
Arribas, Neva P. 
De Ocampo, Geminiano 
Quezon City 
Quilala, Francisco V. 


BELGIUM 
ANTWERP 
Neetens, Adolphe 
GUENT 


Francois, Jules 


ENGLAND 
LonDON 
Duke-Elder, Lady Phyllis 
Duke-Elder, Sir Stewart 
ISRAEL 
JERUSALEM 
Auerbach, Edgar L. 


ITALY 
GENOVA 


Grignolo, Antonio 


JAPAN 
FukvoKka-Su1 
Taniguchi, Yoshiaki 
Honco 
Hagiwara, Hogara 
SPAIN 
Maprip 
Carrasquillo, Honorio F. 
Soutu AFRICA 
JOHANNESBURG 
Taylor, Israel B. 
SwITZERLAND 
GENEVA 
Blum, John 
Zvuricu 
Huber, Alfred 


1255/169 
& 
| 


a 
4 
6 


ese 


